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MANUFACTURING RESEARCH AND EDUCATION 



TUESDAY, MAY 12, 1992 

House of Rkpresentattstbs, 
Committee on Science, Space, and Technology, 

Subcommittee on Science, 

Washington, DC. 

The subcommittee met, pursuant to call, at 9:35 a.m., in room 
2325, Raybum House Office Building, Hon. Rick Boucher (chair- 
man of the subcommittee), presiding. 

Mr. Boucher. The subcommittee will come to order. 

This morning the Subcommittee on Science will address the 
highly important question of how to strengthen research and edu- 
cation in engineering design and manufacturing at. American uni- 
versities. We will review recommendations from two separate stud- 
ies of the National Research Council and address the plans and 
programs of the Nationed Science Foundation and other Federal 
agencies that fimd research relative to these recommendatioi>s. 

From the mid-1940s until the 1960s, U.S. industry dominated 
world markets in manufactured gcods. But by the 1980s, the com- 
mercial success of Japanese and European consumer and high tech- 
nology products caused many U.S. firms to lose significant share in 
both international and domestic markets. 

The success of foreign companies has been due less to their being 
first to market with new products than to offering the most reli- 
able version- of a product with the features that are most in 
demand and at a competitive price. Consumers, who have come to 
expect products having no defects and high reliability, have re- 
warded companies that excel in making incremental improvements 
to products at a faster pace and at a lower cost than their rivals. 

Our economic competitors have made effective uses of advances 
in manufacturing and engineering design to gain an advantage in 
the international marketplace, but U.S. industry has been slow to 
embrace manufacturing innovations. Contributing to this problem 
has been the failure of American universities adequately to pre- 
pare engineers with skills in advanced manufacturing and design. 
Research in these fields has also been largely neglected by univer- 
sities and there has been a tendency on the part of industry to 
ignore even that research which is carried out. 

The studies of the National Research Council conclude that 
major reforms are needed in engineering education. Both reports 
stress the important interdisciplinary aspect of instruction in 
design and manufacturing and the importance of closer connec- 
tions between engineering schools and industry. 

(1) , 



To make mcyor changes, engineering faculty will need to devote 
significant time and intellectuiEd effort to the development of cur- 
ricular materials and new teaching techniques. Since the current 
faculty reward system mainly values research accomplishment and 
success at generating grant support, one of the questions that we 
will be askmg this morning is whether engineering faculty can be 
expected to support the effort that will be needed to institute major 
and swe^ing changes in engineering education. 

The NHC studies also present specific research priorities in engi- 
neering design and in five critical areas of manufacturing. We have 
asked the witnesses to comment on how changes in Federal plans 
and programs at agencies such as the National Science Foimdation 
that will be needed in order appropriately to address these recom- 
mendations. 

The connection between cutting-edge capabilities in manufactur- 
ing and societal well-being is so direct that it is difficult to imagine 
a stronger candidate for Federal support than the field that we are 
addressing this morning. The deficiencies in research and educa- 
tion in engineering design and manufacturing that have been 
bi ought to light argae for immediate and effectivt remedies. In 
consequence, we will seek from our witnesses today assessments of 
whether the resources currently planned for this task by the Na- 
tional Science Foundation and other agencies are adequate and 
whether the focus of current and planned research and education 
programs is properly targeted. 

We welcome our witnesses this morning. We will look forward to 
your testimonv on this important subject. And before calling on 
this first panel, I would like now to recognize the ranking Republi- 
can member of the subcommittee, the gentleman from California, 
Mr. Packard. 

Mr. Packard. Thank you, Mr. Chairman. 

The connection between advanced manufacturing and U.S. com- 
petitiveness is imdeniable. We need only to look to the successes of 
our international competitors, especially the Japanese and the Eu- 
ropeans, to verify this critical link. 

To compete in the world market and excel as we did in the post- 
World War II era, the U.S. must develop advanced manufacturing 
technologies and educate the future work force that will utilize 
such technologies. 

There is a growing awareness of the importance of manufactur- 
ing and engineering design research in the U.S. Today we will 
review two recent reports by the National Research Council on the 
state of research and education in this area. We will also look at 
current NSF progreuns to improve manufacturing design education 
and research as well as the new programs focusing on advanced 
manufacturing which has been proposed in the fiscal year 1993 
budget request. 

This hearing provides an excellent opportunity to review the rec- 
ommendations of the National Research Council and the programs 
at the NSF. 

I welcome the witnesses and look forward to a very productive 
session. 

Thank you very much, Mr. Chairman. 

Mr. Boucher. The Chair thanks the gentleman. 
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The gentleman from Oregon, Mr. Kopetski. 
Mr. KoPBTSKi. Thank you, Mr. Chairman. I do not have an open- 
ing statement. 

[The prepared opening statement of Mr. Coetello follows:] 
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MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. x AM PLEASED 
TO BE HERE TO DISCUSS THE IMPORTANT TOPIC OF MANUFACTURING 
RESEARCH AND EDUCATION. I WOULD LIKE TO TAKE THIS OPPORTUNITY 
TO WELCOME OUR EXPERT PANEL OF WITNESSES. I AH LOOKING FORWARD 
TO HEARING THEIR TESTIMONY. 



WE KNOW, FROM THE POST WORLD WAR II PERIOD UNTIL THE 1960S, U.S. 
INDUSTRY DOMINATED WORLD MARKETS IN MANUFACTURED GOODS. 
HOWEVER, BY THE 1930S, THE COMMERCIAL SUCCESS OF JAPANESE AND 
EUROPE;':; CONSUMER AND INDUSTRIAL HIGH-TECH PRODUCTS CAUSED 
NUMEROUS FIRMS IN THE UNITED STATES TO LOSE SIGNIFICAI^T DOMESTIC 
MARKET SHARE. IT IS MY UNDERSTANDING THAT A REASON FOR THIS 
DECLINE IN U.S. MANUFACTURING IS INFERIOR QUALITY ENGINEERING 
DESIGN. 



I AM INTERESTED IN ADDRESSING ToDAY THE DEFICIENCIES IN THE 
TRAINING OF AME'ilCAN ENGINEERS. I AM INTERESTED IN HEARING THE 
RECOMMENDATIONS THE PANEL HAS FOR STRENGTHENING MANUFACTURING 
AND ENGINEERING DESIGN RESEARCH AND EDUCATION AT U.S. 
UNIVERSITIES. 

TMiS iuiOHtwt rmt*. ID ON f»nn «AOt o» wcrctf d Tt«f a* 
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AGAIN, KR. CHAIRMAN, THANK YOU FOR CAIXINtf THIS HEARING. I 
LOOKING FORWARD TO AN IK^^IGHTFUL DISCUSSION OF OUR NATION'S 
NEEDS IN THE AREAS OF MANUFACTURING RESEARCH AND EDUCATION. 
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Mr. Boucher. We would now like to welcome our first panel of 
witnesses: 

Dr.'J.B. Jones, the Co<3hairman of the Committee on Engineer- 
ing Design Theory and Methodology for the National Research 
Council and, I am pleased to say, a distinguished professor of engi- 
neering at Virginia Tech, which is located in the Chair's congres- 
sional district. 

Mr. Gary Markovits, member of the Panel on Rapid Product Re- 
alization Process, Committee on Analysis of Research Directions 
and Needs in U.S. Manufacturing, of the National Research Coun- 
cil. 

And Dr. George Dieter Engineering Deans' Council of the Ameri- 
can Society for Engineering Education, also Dean of Engineering at 
the University of Maryland. 

Without objection, your prepared statements will be made a part 
of the record, and we would welcome your oral summaries. 

Dr. Jones, we will begin with you this morning. 

STATEMENTS OF DR. JJB. JONES, COCHAIRMAN, COMMITTEE ON 
ENGINEERING DESIGN THEORY AND METHODOLOGY, NATION- 
AL RESEARCH COUNCIL, AND RANDOLPH PROFESSOR EMERI- 
TUS, DEPARTMENT OF MECHANICAL ENGINEERING, VIRGINIA 
POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, BLACKS- 
BURG, VA: GARY MARKOVITS, MEMBER, PANEL ON RAPID 
PRODUCT REALIZATION PROCESS, COMMITTEE ON ANALYSIS 
OF RESEARCH DIRECTIONS AND NEEDS IN U.S. MANUFACTUR. 
ING, NATIONAL RESEARCH COUNCIL, AND VICfl PRESIDENT, 
SAVANT SOLUTIONS CO, WAPPINGERS FALLS, NY; DR. GEORGE E. 
DIETER, ENGINEERING DEANS' COUNCIL, AMERICAN SOCIETY 
FOR ENGINEERING EDUCATION, AND DEAN OF ENGINEERING, 
UNIVERSITY OF MARYLAND^ COLLEGE PARK, MD 
Dr. Jones. Thank you, Mr. Chairman. 

Mr. Chairman, members of the subcommittee, I appreciate 
having the opportunity to testify here and to point out just some of 
the key findings of this report of the NRC, "Improving Engineering 
Design: or Designing for Competitive Advantage." 

It is well-known now that manufacturing competitiveness, clear- 
ly a key to economic vitality of the Nation, depends on three things 
in products: first, high quality; low cost; and timeliness to market. 

Now, engineering design is critically important for all three of 
these, and it has a very high leverage on them. You cannot manu- 
facture quality into a product or inspect it in or test it in. It has to 
be designed in. Over 70 percent of the total final cost of a product 
is committed— determined— during the design phase. And likewise, 
the time to market is essentially established during the design 
phase. 

The best design practices, though, are not widely used in Ameri- 
can industry. Those firms that do succeed very broadly, though, 
always do certain things well, and one of these is to use advanced 
design practices. These advanced design practices require a steady 
infusion of new knowledge, and this knowledge can only be provid- 
ed by research and education. 
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Design education in this country is broken. Despite the great 
strengths of engineering education in many aspects, t3rpically the 
engineering design part is weak. This has been noted more and 
more frequently recently in print by leaders from industry as well 
as some academics. Now the initiative for improving design educa* 
tion lies with the schools, no question about it, and the report does 
spell out several steps that need to be taken. 

The need for design research comes frt>m this fact. Surprisingly, 
we do not know how best to design for certain goals: design for 
manufacturing, design for assembly, design for field repair, design 
for the environment, which is becoming more important. We need 
new knowledge, and it will not come fast enough as a spin-off from 
ongoing design activities. Also, if you depend on the practices that 
are developed by other companies, especially competitors, you are 
guaranteeing that your firm will never be a leader. 

Therefore, intense focused research in engineering design is 
needed to develop the new knowledge, and the report presents 
what I think is a rather well-thought-out, structured research 
agenda. 

The general reaction to the report has been quite favorable. It 
has been commented on widely in the engineering literature. 
Entire sessions of engineering meetings have been devoted to it. 
And, in fact, there are some entire conferences that are taking as 
the theme of the conference this report. 

There are a number of recommendations. I am goit^ to touch on 
only three of them. One of them is a recommendation that NSF 
should propose and Congress should fund an initiative in engineer- 
ing design to support a laige increase in design research and a 
greatly increased interaction between uhiv2rsities and industries. 
Although design is usually coupled with manufacturing, there are 
great n^ds for improving the engineering design process itself. 
Therefore, the lecommended initiative should not be subsumed 
under some other heading such as "Manufacturing." 

What should be done? The research that we recommend is 
spelled out in the research agenda in the report. Funding woidd 
start at, initially, $6 million, increase so that in 4 or 5 million — 4 
or 5 years it would be at a level of $20 million annually. Now, 
these figures were arrived at by carefully studying both the need 
for design research results in industry and the design research ca- 
pability in the coimtry. 

Engineering design research in this country has been neglected 
for many years. At the same time, design practice, the high-lever- 
age key to manufacturing productivity, urgently needs the revital- 
ization that the research results can provide. So you put these two 
things t^ether and the impact of these relatively small sums of 
money can be enormous. No other investment of this size has the 
potential to increase competitiveness and thereby provide more 
jobs across the manufacturing industries. 

The design research supported by this initiative should require 
two things a little bit different from the normal academic research. 
One is there must close, long-term interactions with industrial 
firms in defining research topics and strategies and in evaluating 
results. And secondly, there must be prompt publication of these 
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results where they count, in periodicals that are read by design en- 
gineers in industry, not just in the scholarly journals. 

Now NSF generally does a very good job, so no suggestion is 
made for changing its general approach or goals. The initiative for 
engineering design is intended to establish a sound basis for a new 
area of research vital to the Nation's mid-term and long-term eco- 
nomic growth. 

I will mention just briefly two other recommendations. One is for 
a National Consortium for Engineering Design to perform several 
functions. The committee studied this, conceived several models for 
its organization, and decided the best thing to do is make an in- 
depth evaluation before moving. So the recommendation is that the 
Department of Commerce and the National Science Foundation 
jointly, with the assistance of people from industry and academia, 
study the possible structuring and operation of such a consortium. 

The final recommendation I will mention is one for a Design 
Education Clearinghouse. Although the improvement in design 
education needs to come chiefly from the institutions themselves, a 
good deal of help can accelerate that process. So we do recommend 
the formation of a clearinghouse, not as a permanent organiza- 
tion—perhaps as something that might be taken over by the con- 
sortium, if it is formed— but rather something that over the next 
few years would accelerate the improvement of design education. 

The report makes several other recommendations, but the NSF 
initiative for engineering design is the most urgent of these. It can 
clearly provide the basis for improved manufacturing competitive- 
ness of American industry. 

I thank you very much, and I would be happy to address any 
questions. 

[The prepared statement of Dr. Jones follows:] 
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Mr Chtirmin tnd M#mb#rt of tha Subcommlttw: 

Th«nk you for th« opportunity to testify on •nglnQQring dMlgn research and 
education and to highlight the findings of the National Research Council report, 
Improving Engineering Design: Designing for Competitive Adventege 

Manufacturing competitiveness, which Is a key to national economic vitality 
requires In products (1) high quality. (2) low delivered cost, and (3) timeliness to 
market. 

Engineering design is criticaKy important to and hes a very high leverage on 
all three of these elements. Quality cannot be manufactured In, inspected in, or 
tested In; it must be designed In. More than 70 percent of the total delivered cost of 
a product Is committed during the design phase. Ukewfse. tlme-to*market is largely 
determined by design. Still, the crucial role of design as part of the total 
manufacturing enterprise is sometimes missed because people see only the readily 
visible part; that is. the part that occurs on the factory floor. Most of the production 
costs are incurred during the factory operations, but how nmch money Is spent and 
how effectively it is used Is determined during the engineering design. 

The National Research Council report, improving Engineering Design: 
Designing for Competitive Adventege (National Academy Preet, 1991), addresses the 
state of engineering design practice, education, and resaarch in this country. 

Overview of repoft Impro^Mng Ent^lnmmrl^g pff^^ 

' Pffftgn PfiCttgi: A clear finding of the report is that the best design practices 
are not v/idely used In American industry. Those firms that are broadly successful 
always do the following four things well: (1) They commit to contlnuoua Improvement 
of products and also of deeign and production processes. (2) They establish a 
corporate product realization process (PRP) supported by top management (3) They 
develop and/or adopt and integrate advanc«j design practioea into the PRP. (4) 
They create a eupportlve design environment These stepe all bear on deeign. and 
doing theni well requlree a continual supply of new krx^edge that can be provided 
by reeearch\and education. 

The product realization process (PRP) that Is mentioned f^equerrtly In the 
report Is the overell procees by which new and improved products are brought to 
market and supported. It includes dstermining customer needs, deelgning products. 

1 
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dwignlns production and support proctMes, and carrying out tho«« procww. 
Th# PRP !• th« rrj«tn» fo' bringing the taltnt of all tht p«opl« (n th# firm to b««r on 
cont:nual oroduct improvtm^nt, Thv PRP it Known by ditftrtnt ntmts In various 
f rms. but ihew that uaa daaigr succ#««fuily all f^tve •oma procats of tWa aort 

Sometlmas, tha ta*r^ "Ma'^ufacturing" !a usad tc to tha antira PRP. 
jnciuding daalgn. . At othar timaa. "manufacturing" rafan only to that part of tha PRP 
that occurs on a factory floor. Thia doubla^ usaga causat confusion. Moraovar. It 
can distract altantion from tha critical and Wgh^avaraga function of dstlgn ftaaif. 
Oasign practica must ba Improved In varioua waya, including soma that ara not 
ciosaiy couplad to manufacturing. 

Daaig fi Education . Undergraduata and graduala anginaaring aducatlon is tha 
foundation for.succassfu! practica, affactiva taaching, and ralavant raaaarch In 
anginasrlna dsaign. Oaspita graat atrangtha In many araas. anginaaring aducatlon is 
typically waak in daaign. Laadara in induatry aa waH as aonta acadamlct ara making 
this point In tha anginaaring lltaratur* with incraasing fraquancy. 

Tha inltlatlva for improving daalgn. aducatidn llaa cla«1y with aducational 
institutions. Such Improvamant will raquira: racognition of tha <M69fKi99 of dasign 
aducatlon, strong high-lavai laadarship in aatabUshing goals for daaign aducation, 
davalopmant of matrica to maaa*jra prograaa, Incraaaad Intaractlon batwaan 
industrial firma and acadamla. and axtanalva training programs for daaign taachara. 
Tha raport makaa aavaral racommandattons for Improving anginaaring daaign 
aducatioa 

Paai flp Waaaarah . Sun^risingty. wa do not know how baat to daaign for many 
naada: daaign fbr assambly. for manufacturtng. for maintainability, ter flald rapair. for 
tha anvlronmam. Wanaadrtaw knowladga, It wtH not com* rapidly anough aa a 
spin*off frcrn ongoing daaign activttiaa. anduaing daaign mathoda-davalopad by 
otharr«ratagMaa1lrm.alw«yato.atrailingpoait)on. Intanaa facoaad r aaaa r oh ia 
naadao id davalopthanawKnowfadga, Tha.rapoitpraaantatatructurad raaaaroh 
aganda 



Tha raport makaa racommandaltona In ail thraa araai: practica, aducatlon. 
andraaaarch. t will outlfna aorrta of ^aaa latar. 
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H— oQfi»» te th» f port 

Thf report has be«n commtnttd on widely In th« en^Int •ring literature and 
hte bean the subject of numerout ad.cies. Sessions tt engineering meetings have 
been devotsd tc It, and it has been chosen as the theme of entire conferences. Two 
of the series of saieinte television courses presented by the National Technological 
University have been largely based on the work. Members of the committee that 
prepared the report have spoken on It at several universities and professional society 
meetings. 

f^eaciions of industrial r«p'-esentatives, engineering educators, and design 
researchers have been highly favorable. Many have stated their intentions to 
iTipiement various recommendations of the report. It Is too early to judge the extent 
of implementation. 



Recommendatjona 

1. Inltledve for Engineering Deeign 

NSF should propose and Congress should fund ar initiative for Engineering 
Design to support both a large increase in design research and greatly increased 
university-Industry interaction in engineering design. 

Although design must usually be closety coupled with manufacturing, there 
are great needs for research In improving the design process itself. Therefore, the 
recommended Initiative should address those needs and not be subsumed under 
some broader heading of vyhlch design is only a pert. 

Funding ahould start at $6 million for the first year and Increase to a level of 
$20 million annuaiiy In five years. These figures were an'Ived at by carefully studying 
both the needs for design research and the design research capability In the 
country. (For comparison, although support for research in engineering design is 
not spelled out dearly in the current NSF budget, tt appears that expenditures for 
such reeearch are currently leee than $1.5 million, down from approximately $3.4 
million three years ago.) 

Engineering design research in this country has been neglected for many 
yeare. At the same time, design practice -* the hlgh-ieverage key to manufacturing 
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comp.titlvn«. .. urg.n«y nMd. th« r,vitaIization that r,„.rch f***^'"^ fJ^^J'' 
CoSZntly the imp.ct ot th9S9 r,;«tiv9ly tm«ll .um, ot money c^^ l>. flrwt. No 
?t«tlJ Of m ..z. hM the potenti. to '--^'''^^^'Z';^,:;'' 
fheresjy provide more jobs across tha spectrum of m«nufactur,ng Industries. 

0,slan research clea-'ly requ uch an initiative, it -mH ^^ ^^'^^l^^f;^ 

diffcult, i' rot impossible, for NSF. the losicai funding agency for j° 
allocate substantial funds from its regular budget for this purpose. Various NSF 
?Suencle will not willingly accept funding cuts in their areas, and ^•^ZT. 
p5r,sue- that drives acme reallocations ^s unlikely to be «rong ,n an area h.v.ng a 
short history and llmlt»d past funding. 

The oesign research supported by this initiative should require 

(1) close, long-term interactions with industrial firms in defining research topics 
and strategies and in evaluating results, 

(2) prompt publication of results in periodicals widely read by design 
engineers In lidustry, not just In scholarly journals. 

Leadership of the engineering design program within NSF should be provided 
by personnel identified with engineering design. 

NSF provides strong leadership In a number of research areas, and no 
suggestion is made for changing NS?'s general approach or goals. The lnl««*v«J°r^ 
Engineering Design is Intended to establish a sound basis for a new area of research 
vital to the nation's mid-term and long-term economic growth. 

2. National Conaortlum for Englneerlnfl Dealfln (NCED) 

The NfiC report dlscuseee the creation of a National Consortium for 
Engineering Daeign fv aaveral purposee. Including 

. gathering and disseminating Information on international best engineering 
deaign practices; 

. transferring existing and new design knowledge, eapedalty in tha form of 
software. Into industry and academe; 
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• ptrforming pr9*comp«t{tfv« rmcrch to (mprovt dMign mraiodt and toolt : 

• promoting Induttryunivvf !ty-gov«mm#nt oollibontton In rttcarch and 
•ducxtJon. 

Th« committeo ttudM poMibit modalt of tuch tn org«n?zitfon and 
concluded th«t an in<lapth tvaiuation of ftvtrai alttmativM ahould pracade tha 
formation of a conaortlum; Tha Dapartmant of Commarca and tha National Soianca 
Foundatfon. with tha aaaiatanca of induatrial and acadamic rapraaantatfvta, ahould 
jotntty study tha poaalbfa atrucfuring and oparation of such a rManal Conaortium for 
Enginaarlng Daaign. 

3. Oaaign Cduaatlen Claarfnghouaa 

Although improvamant in anglnaaring daaign aducation mutt ba inWatad by 
aducatlonai inatitutlona. thair aftorta would ba muoh tacHMad In tha ahort tarn), by a. 
daaign aducation daartnghouia that would 

• coliact Infornation on baat daatgn practfcaa and raaaarch worldwida; 

■ • faclfltata tha aynthaala of thia mctarial Into taxtbooka, probidm aata. caaa 
atudiaa. dat cnptiona of modam daaign thaory and practlca. vidao ti^saa. computar 
aoftwara. co.uraa outiinas; and candidata curricula; 

• publlah raviawa of daaign raaaarch. taaching mathoda. and aoftwcra toola; 

• fticllltata tha adoption of atandarda for uaa In daaign. 

Tha Claaringhouaa ia not anviakjnad aa a pannanant organiiation, and tta 
functions might wall ba abaortad by tha National Conaortium for Enginaaring Oaaign 
if tha Cor^aortium la aasabfiahad. 

Tha rapoft Imprwhg Englrm^ring Oaa^. maicaa aavara) othar 
racommandationa. but'f hava outfinad hara only thoaa diractad to Fadaral aganciaa. 
Tha NSF Initiaiivia for Enginaaring Daaign la tha moat urgant of thaaa. it daarty- can 
provida tha basia fbr Improvad manufacturing compatttlvaoaaa of Amarican fimsa. 

TWa concJudaa'my ^latamant. and 1 would b»p)aaaad to addraaa 
quaationa y6u may hava. 
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Mr. Boucher. Thank you, Dr. Jones. We will have questions. 
First, we will hear from the other two panel members. 

Mr. Markovits, we will be pleased to proceed with your testimo- 
ny, 

*Mr. Markovits. Good morning, Mr. Chairman, and members of 
the subcommittee; Thank you for the opportunity to report to you 
on the results of the Committee on Research Directions and Needs 
for U.S. Manufacturing. 

The committee tried to consider four to five areas of advanced 
manufacturing technology, and we had three criteria in selecting 
those areas, dumber one, the area had to have widespread benefit 
to multiple industrial applications. Two, it had to promote funda- 
mental change in the management practices and culture, because 
we don't believe that we are going to achieve the maximum bene- 
fits in terms of productivity and yield without those changes ac- 
companying the hard science changes. And three, any projects that 
were recommended on the basis of these areas had to expand the 
scientific research relevant to manufacturing processes and prob- 
lems, and had to take an interdisciplineiry approach and encourage 
more rapport between researchers and practitioners. It had to 
break down the walk between academia and the manufacturing 
line. 

There were four technical areas that were, and they are four 
areas that we recommend that more research be done in. One is 
rapid product realization, the processes and practices that will help 
this country and its manufacturing companies deliver more prod- 
ucts, more innovative products, higher quality products in a short- 
er period of time. 

The second one was intelligent manufacturing control. More and 
more as we look to the future and we look at what our products 
look like they have a higher and higher intellectual content. More 
and more information is required to manufacture those. Intelligent 
manufacturing control is the sensor technology and other advanced 
manufacturing technology which basically provides the autonomic 
nervous system of your manufacturing line. It will provide us with 
all of the information that we need to understand what it is we are 
actually producing and how we are producing it. 

The third area that we chose was equipment reliability and 
maintenance. It is very important that if you are going to take and 
transfer the factory into a learning organization that you have as 
stable an organization as possible. To get those high quality yields, 
to get as many learning cycles as we can out of our manufacturing 
organizations, we need to have stable, reliable equipment. 

And the fourth technical area that we chose was advanced engi- 
neered materials. We believe that in the future advanced engineer- 
ing materials will provide properties far beyond anything that we 
could imagine today that will enable us to enter marketplaces that 
we've never even dreamed of. 

Finally, when we got done selecting the four technical areas we 
chose one more area which we thought was really the foundation 
and underpinning of all the others, and that was manufacturing 
skills improvement. Our feeling today is that the work force that 
we have is inadequately prepared to participate in the advanced 
manufacturing technology lines of the future. 
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In fact, if we were to characterize the transformation, what we 
think should happen is that mantifacturing has to go from a craft 
to a science as our products have greater and greater intellectual 
content. You can piCK on any product you want to look at, whether 
it be the Boeing 777 or if you look at something like Intel's 1-486, 
all these have much higher intellectual content than products of 
the past. We have to have a better prepared work force. The impli- 
cation is that they have to be skilled in multiple disciplines and at 
a much higher level than they are today. 

You know there was a report in the Economist that said a 
sample of 20-year-olds, said 60 percent of those 20-year-olds could 
not add a liuich bill. Sixty percent of them cannot read a road map. 
You can't have that. In IBM where Fve done some work what we 
foimd was that the level of education that we needed for the tech- 
nicians on a semiconductor line has risen from a high school gradu- 
ate equivalent to the equivalent of a second-year AS degree. So the 
implication is that we must raise the level of education. 

And it's important. Because if you take a look at an advanced 
manufacturing technology it's going to have a tremendous impact 
upon us. I think that before Mr. Boucher or Mr. Packard talked 
about the comp£u*ison between our industries and the Japanese in- 
dustries. If you just pick one, if you just pick metalworking, you 
will find that with the advanced manufacturing technology that 
the Japanese use in metalworking that they have only one-fifth the 
labor required, one-half the number of machines required that we 
require in the U.S., they have 20 percent higher utilization of their 
machines, they have almost 100 percent delivery on time, and they 
have less than 2 percent unscheduled down time, and their quality 
is tremendous, as you noted before. 

Advanced maniuacturing technology makes the difference, and it 
makes the old modes of manufacturing obsolete and it makes the 
old education obsolete. In fact, the paradigm shift that has to 
happen is we have to look at the manufacturing line as a learning 
organism. And I think that when we introduced Taylorism in the 
1800s we went and actually eliminated learning for new manufac- 
turing lines. We said, "We're going to break these jobs down into 
such small sections that anyone can do it," and that was fine when 
we had to integrate a lot of immigrants — we had to integrate a lot 
of immigrants into our manufacturing line. But that is not the di- 
rection we need for tomorrow. 

Successful organizations will be total learning organizations, and 
learning will occur at every step in the product life cycle from con- 
ception to consumption. The factory, as well as the R&D depart- 
ment, has to be involved in that learning. 

Along the way, as was mentioned, measurements are very, very 
key. You mentioned that the measurement system drives people in 
the universities to go after grants. Well, the measurement system 
that we have today in manufacturing is really a remnant from the 
19th century and is aimed primarily at financial measures. We 
have to do studies to understand how we put in place measure- 
ments that are going to address skills, competencies, the value of a 
company's technology, how it uses time, what's the company's 
learning cycle and how rapidly can it learn. Because as quickly as 
a company can leavn, that s how it's going to make those incremen- 
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tal improvements that you were talking about, Mr. Packard, that 
will make— leading to higher quality, better products that ciistom- 
ers are going to buy more frequently, and that's the strength in the 
manufacturing organization. 

Steps for change: I think (1) that we have to restructure the orga- 
nization to support learning and experimentation in the factory— 
this is the factory as a laboratory idea; and (2) we have to develop 
new methods of performance measurements and process life-cycle 
costing. 

Now, in the report that the committee generated, "The Competi- 
tive Edge"— it's documented in this book here— there are many 
recommendations as far as detailed research to be done in things 
like sensor technology and adaptive knowledge bases. I won't go 
into those in detail. You can read those in the book. 

But what I would like to say is, I would like to close and talk 
about the character of how that research has to be conducted. 
There has to be both a fundamental change in the methods and not 
only just the kinds of research. The typical laboratory experiment 
that's concerned with absorbing a piece of the system is done in a 
very controlled environment. The notion of control itself is of con- 
cern in the factory, and the performance of an int^ated produc- 
tion system can only be evaluated by observing the system as a 
whole in the factory. And so what I implore you to do is when you 
fund your research the research should be such that it is deeply 
intertwined with and works with the factories. It shouldn't be re- 
search that's done somewhere in academia in isolation. It should 
support a close rapport between the academicians and between the 
manufacturing practitioners. 

Thank you. 

[The prepared statement of Mr. Markovits follows:] 
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G<m1b 

TTic Committee on Research Directions and needs in U.S. Manufacturing was chaired 
by Dr. Cyril M. (Sonny) Pierce of GE Aircraft Engines. THe goals of the committee 
were to: 

o Identify and Prioritize Manufocturing-ReUted Technologies to Produce a 
Co- ixthcnsivc National Research Agenda. 

o Conduct a Series of In-Depth Analyses of Some of the Technologies and 
disciplines in that Agenda. 



Criteria and Agenda 

Tc 'ocus committee efforts, three criteria were appUcd to select the technologies for 
in-<wpth analysis. 

- The technology must have wide benefits across multiple industrial 
applications and provide capabilities or experience that can lead to broad 
improvements in manufacturing operations and competitiveness. 

. The technologies should promote fundamental change in management 
practices and culture to achieve maximum benefit?. 

^ Any recommended pfcgect should expand scientific research relevant to 
manufacturing processes and problems, take an interdisciplinary approach, 
and encourage closer r^rt between researchers and practitioners. 



The four advanced manufacturing technology areas selected were: 



Rapid Product Realization Process. 
Intelligent Manufacturing Control. 



Conaniltcc on Science. Sp«» md Teckootogy 
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- Equipment Rdiability and Maintenance, 

- Advanced Fnginefefed Maieiiab. 

Because of the importance of an educated work force to manufacturing 
competitiveness, a fifth special area was examir.ed: 

• Manufacturing Skilli Improvement. 

The five aim sput the ^wtrum of people, processes, product, machines, organization 
and information that is so essential to a comgktt "systenu* undentMding of die 
problems Uant American manu^Kturing con^tivcness. A panel of eiqMrts for each 
area was asked to assess the current state of die art and xeaeaich needs to meet 
long-term objectives. 

Today's manu^k^turing environment is vastly diflefent from diat which America knew, 
and dominated, only a few decades ago, Bodt markets and oompetiton have become 
global. High quality pioductt and services, and time^iaied^onvetition, h^^ 
ftcttoflife. 

Producers and oon«miers have become part of a dosed system, ^i^iere producers have 
to be as concerned widi die success of dicir cuttomcr as widi die sucoeat of dieir 
product. Hie coramittte feeb diat 'sy«ems* dunking wiU be a key ingredient in 
tomorrow's cooyedtive advantage. 

CrnlltoSdHMe 

It is in diis light dwt the committee fioels competitiveness will depend i^on 
mMu£Kturing moving ftom a ciafl to a science. 
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ImpUcitioos for Workforce 

One implication is that manufacturing will require a work force possessing 
multi-<Iisciplinaiy skills of a much higher order. The committee is concerned that 
today's educational system is not producing sufficient numbers of graduates possessing 
such skills. This was the impetus for adding the fifth special area, "Manufacturing 
Skills Improvement", and is the focus of several recommendations for NSF research. 

Leaming Organizations 

In the last century Taylorism was introduced into the American manufacturing system 
as a means of absorbing thousands of non-Englisft-^pcaking immigrants from largely 
agrarian societies. While highly successful at the time, its legacy has been to eliminate 
learning from the American factory. In the classical hierarchical American firm, 
learning is the domain of the research and development organizations. Factories are 
for "doing", not learning. 

Successful organizations will be total "learning organisms". Learning will occur at 
every step in the product life-cycle, from conception to consumption, in the factory as 
well as the R&D department. 

Soft and Hard Science 

While the firms that succeed will be characterized by advanced manufacturing 
technology that integrates their people, processes, and products, the committee wants 
to emphasize that "hard" science or technology alone will not suffice. Advanced 
manufacturing technology will seldom yield the anticipated flexibility and productivity, 
unless corresponding changes are made in the organization. Basic changes must be 
made in the processes, structure, and attitudes that are common in engineering 
management. In engineering, manufacturers must strive to improve interaction among 
design engineers, production engineers, and marketers. Managers need to reevaluate 
common management practices and tools, such as accounting methods, investment 
criteria, inter- and intra-firm cooperation, and relationships with customers, to ensure 
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that all the firm*s revNirces, including manufacturing, constantly are driven to 
impn>vement. 

Informatioa, Intefratioa ft InCcUifeiicc 

The committee considered four specific technical domains; Rapid Product Realization, 
Advanced Engineeied Materials, Intellifcnt Manufacturiiif Control, and Equipment 
Reliability and Maintenance. It identified an advanced manu^Kturing technology 
paradigm common to all four domains - information, integrated with business- 
functions, achieves various forms of intelligence which are the souice of competitive 
advantage. 

Iftteliigent manufacturing control technology establishes the "central nervous system* of 
the corporatioo. providing information on the state of the product, process, people, ind 
equipment. Combined with information on the business strategy, produa design, 
markets and costs, the appropriate business functions derive the intelligence from the 
relations between these data that generate a comrntitive advantage. 

BcUeTs^ Values, GoiOs ft SklUi 

The same paradigm applies to "Manufacturing Skills ImprovemenU'. Career esteem, 
basic literacy, management skills, communications, teamwork, and group dynamics are 
all forms of information dot, when interned through the proper business functions, 
become the foundation of a highly adaptive work force. Such a work force will be 
'capable of opentting in the complex human-machine cooperative systems environment 
that will typify advanced manufacturing. 

The comraitlee believes current value systems, implicit in the measures of 
performance, are inappropriaie. Devised in the nineteenth century, these primarily 
financial meawitt are incapable of assessing skills and.compelence levels of a 
corpocatibn, the relative effiectiveneu of iu technology, the value of knowledge gained 
through continual refinement of iU products and processes, its use and conservation of 
tinie, or the kmg term impact of rapid kaming-cycles. Increasingly, the product of 

Cn —iiM n om IniMti i. Spioe m4 T^dwotogy 5 ai«y 13. 1992 
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manufacturing is knowledge. Advanced manufacturing technology wiU accelerate this 
tiet^. 

Products are no kmger simply discrete physical objects; they arc that and all of the 
people, processes, and information that surround them from conception to 
consumption. Boeing's 777 will be designed, built, tested, marketed, and sold as 
much in the form of a "product image", in the "meU-factory" of the computer's 
information plane, as in the real physical world. Intel's 486 micro-processor is a 
product that is almost pure knowledge. In fact, its value can only be realized in the 
information plane, its few grams of silicon having almost no value when sq?arated 
from the information systems it powers. 

How measurement systems value such capabilities will profoundly influence the rate of 
progress of American manufacturing competitiveness. If we fail to value and fund our 
ability to manufacture new knowledge, to develop the "learning organization" and the 
"teaching factory", American manufacturing will almost certainly loose its competitive 
edge. 

Steps for Changinf 

The committee believes the barriers to manufacturing competitiveness are not 
insurmountable. To use the enormous amount of information that is av^^ilable to 
achieve integration and intelligence in the factory, however, it will be necessary (1) to 
restructure the organiiation to support learning and cxperimenUtion in the factory (the 
notion of the factory as laboratory), and (2) to develop new methods of performance 
measurement and proccss/lifc-cycle costing that will enable management to evaluate 
problems, proccu improvements, resource utilization, and production management in 
economic terms. Some industries are already moving on thc^ fronts. 

RecommeDdatkMS 

The recommendations of the five panels reporting to the committee can be categorized 
into domain specific research recommendations, and those related to education and 
learning for the workforce, management and the organization. 

CornniOM oo $ci«Ke. Sjmcc tad TecJu»k>gy € ^2, 1992 
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In domain specific categories, the panels' recommendations include research in: 

Developing lechnique-oriented communication standards, 

Sensor technology for data integration, pattern recognition, and actionable 
models, 

Adaptive knowledge bases of design, manufacturing, and management. 

Dynamic models of manu^tuiing. 

Use of human-machine interface to facilitate learning 

Integration of processing methods into design and development of new 



Integration of materials-specific issues in manufacturing paradigms. 
Definition and development of standards for intelligent product images, 
Requisite connections between product, process, and factory images. 
Recommendations related to education and learning include research in: 
Basic literacy, 

General engineering knowledge and communication, team, and group 
dynamic skills. 

Cultivation of apprenticable and job-specific skills in the workplace, 
The factory as a laboratory. 

Committee on Science. Sp«ce and Technology 7 May 12, 1992 
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• Knowledge-based organizational structures, 

Performance measurements. , 

Implicit in the research topics identified by the panels is a need for fundamental change 
in both methods and kinds of research. The typical laboratory experiment is concerned 
with observing a piece of a system. The notion of contrtri, taken for granted in the 
laboratory, is itself the object of experimentation in the factory. The performance of 
an int^iated production system can only be evaluated by observing the system as a 
whole in the factory. 

The factory as laboratory is the new research imperative. It implies new ways of 
doing research, new forms of collaboration across functions and engineering 
disciplines, and cooperation between academic scientists and industrial practitioners. 
Therefore, development of an architecture for learning is critical. How to sponsor and 
promote tlie needed new forms of research is a fundamental question that must be 
addressed. 

Ckifie 

I would like to thank the chairman and members of the Subcommittee on Science for 
this opportunity today. I hope my explanation of the work and lecomntendations of 
the Committee on Analysis of Research Directions and Needs in U.S. Manufacturing, 
sponsored by the National Research Council, has clarified the issues and will aid you 
in making informed decisions on future research and curriculum development in 
manufacturing and engineering design. 

Sincerely, 

Gary Markovits 

Attachment: Chapter 1 - Overview, from The Comnetit iYr F^ff P^"'^^ Prioriri^ 
for U.S. Manufacturing. 
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Executive Summary 



Enpneeriai (ksigD u « cnidai coapooetu of the iodiutnAl product leal- 
iadoQ procest. ItUcsti«aiedUui70pctcmormcRof ibeltfecyctecou 
of a prodoct u detenoiaed dahof desigiL Effective cagiaecnaf den ga. u 
some fofeip funs cipedaUy htve dmonwnMd. cm ispcove quality, re- 
duce cow, apd speed time lo mtaku, tlieceby better maiehisc products » 
caitoaer aeeds. Effective deat|« is alao a pw«<i«»ie for effective maao- 
I»P«>vw« the practice of eugiaeeriaf detiga » VS. fmns i« 
thus esKatial to iadaanal f . ypell ca cc aad aatioMl coaipetittvcwfs. 

UttfonoMielT, Ae overaU quality of eaguMrins dcaica ia the Uaiied 
Statesispoor. nebetteagiaecriaf deiiiaptacticet an aot widely used ia 
US. ladany. lad the key rofe of cagiaeeriag desifacrs ia the pcodact 
rcatixaiioapioce»itoteaoo(ivellaBdenioodbyBwr«MM. FMenhip 
mdiaigictioaaawagAcAfccplayeniavohfudiaftiajarfMvor iadeauiii, 
umvcnities* aad tovenwwat-Uve diaiaiM 10 the poiat that nooe serves 
the Deeds of the others. Eagiaeetiaf cuciicola focus oq a few coaveatioeai 
desiia procedures rather thaa oa the eatire produa delivety process, aad 
iodastry*s effottt 10 leach cagiaeeriaf detifa t«d to be teSMML A 
rcwtaU Mtioo of uaiversity research aad icachiag ia eat^nwiat ihiija Im 
begua, bat is Dot weU correiaied widi the realities or icopeof desiga prac- 
tice, aad research resulu are aot effectivety dttseaiiaaied to industrial firms. 
FinaUy, the U^. govenmeat has aoc tecogniaed the eateoceaMct of cagae^ 
dcaiga capabilities to be of aatioaal iaiportaace. 

This state of iflain virtuaUy guarantees the continued decline of U.S. 
competitiveaess. T-> vcverse this tread will require a complete lejuveoaUoo 
of eagiaecrifig design practice, educauon, and reseucfa. involving imeiue 
cooperatjoa among industrial firms, uaiveniiies. aad govcmmcat 
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DESIGNING FOR COMrETtnVE ADVANTAGE 
To nse desicB «flectiveiy u a tool for tmiiit bosiMtt ttniecy m» 
effective pcodKtt, a Gxm m«n (I) cooMut lo coaiiaioiis impnifVcsMa bocfa 
of pradoctt wd of dosiga ml pcotectioQ prxcsies. (2) estaWiA a coq)^^ 
pcodaa eealitttiaB pcoecM (IWO soppomd by top manafc^ 
aad/te adopt tad iawcnMe advaaced dcaiga practices imo dM PKP, aad (4) 
ctcaie a sivponxve desica eavixQa«cat. 

CooveniactoopcntioaaaderitediscipUBeofaPRPisootcaty. Ofiea, 
coaiptete reofta«xatio« fsom top to boooai tad a dnmaoc diaage in die 
way of doa« bvimest ve reqoM. Aa effective PRP gCMtaUy iacorpo- 
fates (he foitowtag steps: defiae cosiomar needs aad pcodoa pedbcBsoce 
nqoiRncais: piv for pcodoa evolutioo beyood the civreat desisn; plan 
coaconcaUy for design aad auuurfaetoriag; design (be ptodaa aad its 
aMiotetving processes wiik fall coatidwatioa of (be eatiie pcodKt life 
cycle, iadadkf disttibatioa, sappott lasta i fn a nre . lecydiag. sad dispoaah 
aad pfodace die pcodaa aad moaitor prodact aad processes. 

ne PKP U a firm's snaiegy for product excelkace aad coaciaiKMS ini> 
pcovoaeat; desip practices sre its tactics. Becaose aot aU practices are 
applicable to or asef ol ia (he design of a givea prodact, eadi coaspany nmsi 
ORiaUy identify a set sppcopriaie to its uses and iacorporaia tbe« into its 
PRP. Practices (todi as Tafadu aietbods) and tools (sach as CAD aad 
CAE) mast be laUy invgiMed taiottePRPiftheyaietoliava more than 
niaimal effect. Compaaies sNSt also develop meaas of aasimilatiag new 
pncticaa aa dmy me developed by fOseaiclHn and otbetx becawa caocntty 
affactiva practiGes are bctag impnvad and evea mvoseded. 

Dadpi is a creative activity that depends oa bamaa capabilities tbat are 
diffkaU 10 maaame. predict, and direct. An andecKanding of die desivi 
tmk Md dw chmacteriatics and needs of people who design effectively u 
iimiiil to (ha ciaodon of a rtmnlariag and oornmag design a av noamea t . 

IMFftOVlNG ENGINEERING DESIGN EDUCATION 
Uadergrad^ md gndaam engineering edacatioa is the foandmion for 
seccessfal practice, effective teaching, and reltvaM research in engineering 
design. The c«R« state of that foBOdatioo is attested to by employers who 
find lecent eagiaeeriflg gtadaaies to be weak ia design. Reasons for die 
iMdeqaacy of aadcrgiadoaie engineering desiga edacation inctade: weak 
rcqoiremeats for design content in engineering cotxicttla (many instications 
do not meet even cxttdag accreditatiott criteria): lack of truly iaterdiscipU- 
naiy teams in design coorses; and fragmented. ditdpUae-specinc. and 
Mtfifflrrt'^awyf teaching. Of the carricnla dut have strong design compo- 
nents, few consider staae-of -die-art desiga medx)dologies. 
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llere ne sinpir too few smmg fsMhuie prognnt focosug <m notfeti 
detici nccbodologkt Md Tcmcli to prodace ihe qoalified ta^^ 
br bo<h iodnty mA ■rnki i i . UMiiM f OMtsH Ibr (Mn itte«cli iaMtn 
iheqialityofinilMii mMxmMm^tmmAt^am^^mmm^^ fJ^ 
««tou in the ncM Um ctn be wyponed. Evea (be «ro«ter pforau 

taiga practict. ^ 
t^?^?°^ j gp tov eta t in eagiaecring de«i|M it likely wiibcwt woBg. 
kaowWpaNf mhiiiMaii fituliy wteinienowiAabiwibi«ofeo«eMoei 
laiaditstiy as «tU as academe. Howew. few iacolty today are wia«l lo 
le^dettgBoracecogaiMBtof ittiaiportaaee. Moit htv« ao sigai6caac 
indaitnalde»gaexpcrie«»,powe«Ualc eadentaadiagof miMlktvug. 
•Pd have only limited eoaiactt with ind«»y. RelevaM ie»rtH^ 
aadmaay faculty ace oaf— iliar widi the ianractioaal lecteiqaes ibac beet 
•■ppondesipedwatioa. KwUiy wbo wwrid amklw demga ai a ower 
focw liKe a signifies time commiwea «ad inititoci^ 
Tbe mmattve for immediaie im piTw r Mt of decga adoc^ mA fof 

Uvt»Y th*^ — ^ *^ iimirr rna wiimiil im| t la liii yM.mh 

loih cdacaiioaal iaaiiwioBf. ftcalty ami admi««Moff. wbo aometimea 
disclaim respouibility for (be problem awl bimae ianead tbe '^sysiem " 
■wstttketbeleadifitisioduuige. Toimpiotetbe leachiagof eagiaeei- 
lag design w uaivecsities will reqtnie: iccognitkM of tba Arfinm ift m 
design edocatioa; stroag high level icadcfahip ta '^^if^^ goals for i^- 

desip ediaaiioa; deveJoia^ 
ihMegoaU; ctcatioa of dftigaawd change ageatt to pte Md iianlcnmai 

Actions m«« alto be MkM to lacilataia tbe teKhing of dMiga Md 10 
uawjc Mivcnity-iadasiiy coopexaiioa in design etotkm. A Mtional 
gypgfaooseibrdesiiniasniriifiail mmiiiilscoBM— 
d«|B easiff f or mnny liwiity. lodBStriil ftms cooM bd^ 
design by eacouiagiag faculty to work in indastty, aiding universities in 
•^goaU ind plsnwag cmricala, and s^iportiag «««c^ 



A NATIONAL AGENDA FOR ENGINEEIUNG DESIGN RESEARCH 

Reseatch is a ceoiial ingiediem in repairing tbe national infrasc^^ 
eagmecnag design. It wiU contribute new knowledge, new ideas, and new 
people 10 iQdusoy sod cdocatioo and sdmalam tbe cieatioa of new bwtiaess 
cwttprucs. Over tine, a well-conceived, snsttinedptogiam of eagineerini 
<s«i|n research wiU gnwlaally reduce U^. companies* reliance on ad hoc 
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detifa netbods«»d ifflprove tfaek abUicy lo prodKC bigker-qMlity, lower- 
coApcodacts awl Rdwx kiid time 10 Mfta for a«v or mo«^ 
Tec 1^ ui tteee bfo«l mm J tv ci opio g ackaiific fommtm for 

aad ralatit » t>e boiiaett Mi wy ii r l ^ flr^^ decmod cueial to r»- 
farMiagdieF«(^a^(«*cUMOf«HiMecMgdetitii. CottoctMy. tkey 
coMpciae a Mdoui naeardi afcada wiU atm » nide tko NaiiOMt 
Sda«ceFooiidaio>,o<Mr tu i m iM Ml nao r i i a. pri ^M r foa m la tiu iii. in*— iai 
films, a«l iMiividMri rcwafrfcrn iB Uw miii wii f of rtacaicii yciofWet 
aad nia ct kw of pcaiocts. 

Tlw p iopaieJ w iaar cfc ixw r o c i il lo iho reviiaUmKW of i>o cu ia r i ri t 
daatgn i jrf raattoc mt ta tfcc IMiwdSmca — dlieacc to U^, c owp ni ii uM i M 
Sigu6ciM Md vaeflBl iaicoMdiaie (tx., fcMr- lo ftve-ycar) rcaiMa ikmiA 
be acUeviMe Tor mom topics, bis cxtrandy iapoctani tha& tkis ratich. 
wteilM ^ipliad or bMic. bo of d» Uglwat <tMiity aa^ 
ft i tK B i a>ddoa ei Meiacdfl «bu i»a«« i aa Mtcbw aadiad uaij i dM j ga aw g iM Wi , 
Mid dm retiHi bo i i im w in i l » ladMfcy aa weU u lo a c a d awa, 

Ketolts of wtvatsiiy naeaicii ib OHMciiff desisa can fM Mr way 
imoaidaitrial practice br a aavber of rooaes. However, eveawoMdevaloped 
leaeaidi leaaltt caawc »«ply be -ftwa'* 10 iadaitry; acw 
lefiaed aad padc^ as prodKts. a taek that caaMC ttadUy bo p ar f or w ed 
by aM aaivccsities or by aoat coof^M^ tlM wfht take advaaiata of the 
reaaks. lUe acatioo of a NatioMl Coaoectivai for r a g iaaoia g Dooga 
(NCED) to pcffonn this lec ba olo gy traMfor role Aoald be coaaidond. 



BECOMMENDATKK4S 

iBdaaM deatga pcactict. cagiMsriag odocatioa. a»d desiga ranan^ 
cMbeM^TOved. Maayof d» wpon's mo matiiMlaiii j iii h ipiiii i idf iaidai h a 
by the actors MdUtdeiaveaaaoac Coaipaaies mast reorgaaiaa iMr pnd- 
act (talizaiioo proceoea aad at least adopt existing best desi p pract ices. 
Itey mast abo toianiaaifiM betttr widi uoivcisities in order to sacva aew 
deaiga awdwds aad weU-pnpared gr a daat nr Uaivenitaes. ta i«b. aiwt 
Mke a Ugh-leval roa^inarat to i a y ooa oagiaeeriag daaiga adi c at i Bi 
MditsesRliaadbeiaerfelaaedMatodieneedsof iadunxy. negavoMeu 
nnstattice eagiaecrittg design a naitoaal priority and eocooxage reaoatch by 
incxcaaing funding aad assisting in the establishment of clearinghonMS for 
design infomatiQa aad teaching nuucnaU. Specific actkMS are reooMeaded 
intheieport. 
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Recommendations from NRC Reports 



I. The Competitive Edge: Research Priorities for U.S. Manufacturing 

Top 4 recommendations on skills improvements in priority order 

1. NSF shouid establish a program to subsidize the initiaition of large consortia to 
oo ls bofin on tha dsvsto pn is nl and disss m i nrt o n of programs oC manufacturing skis 
education for snginsfcs snd managsrs. Tha affort couid ba oouchad as rssaarch on 

collaboratr/e education in manufacturing skiHs. induding nationwide access and hands-on 
experience at appropri«£te centers, to include a number of teaching factories. 

Z NSF should establish a Faculty Professional Devetopment Program in manufacturing 
with the goal of reaching 20 percent of engineering faculty within two years. 

3. NSF should fund and coordirutte research that involves business and management 
schools, engineering colleges, and industry in collaborative studies of manufacturing 
management in partrcular and technok^ management in general. 

4. NSF should work with other government agendes to develop a program to establish 
consortia on manufacturing in specific areas, such as microelectronics, automotive, and 
aerospace. 

In addition to the preceding recommendations related to education and training, the 
report identifies and analyzes research needs in ttw folk)wir)g critrcal areas of 
manufacturing: 

• intelligent manufacturing control 

• Equipment reliability and maintenance 

• Advanced engineered materials 

• Product realization process 
il. ImorovinQ Enaineerino Design 

Recommendattons are given for actior^ by industry, untversities, professkxial engineering 
sodeties and government The f6lk>wing are recommer>datk>ns to NSF: 

1 . In order to support faculty in improving the teaching of design. NSF should establish 
a clearinghouse for design instructional materials and methods. 

• Shoukj be established quickly 
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• Facilitate th« synthesis of this materiai into textbooks, case studies, video tapes, 
computttr softw/are. eta 

Z NSF should support txrth a large Increase in design research and increased university- 
industry interaction in engineering design. 

• Eil^M • Deiiffi Schoiir program that vrauld enaM 
fctowKJ by ihr^ ye« Of low NSIMrich^ 

• ExpwKi and emphasize the Design Tlieocy and Myodotogy Pf<yf" bV 
provSng a identity, strong teaderi^ 

annualy). 

• StroogJy encourage initiation of additional deeign-reteted Engineer!^ 
Centers. 

a NSF and the Departmert of Commerce, with the assistance of Industrie 
representativM. should study the possible structuring and operation of a National 
Consortium tor Engineering Design to: 

• perfomi precompetitNe research to improve design methods and tools; 

• gather and disseminate information about international best engineering design 
pradioas; 

• trsnifer existing and new design knowledge to industry and academe; 

• devetop and promote industry-univwsity-govemment collaboratkjn in research 
and education; and 

• pcwide brokerage services for personnel exchanges and arrange privately 
funded research between univsrsltiea and industry. 

The report also includes a topici^ research agenda for engineering design reeearch. 
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Mr. Boucher. Thank you, Mr. Markovits. 
Dr. Dieter? 

Dr. Dieter. Thank you, Mr. Chairman, for this opportunity. I'm 
speaking today on behalf of the American Society for Engineering 
Education's Deans Council, which represents more than 300 col- 
lies of engineering in the United States. 

The role of the engineering colleges in helping to meet the com- 
petitiveness challenge is growing and changing. Engineering 
schools are moving away from the post-World War fl focus on engi- 
neering science and the creation of new knowledge, and they're 
moving towards a broader role which includes .not only creation of 
new knowledge but a renewed focus on the business of engineering; 
that is, the creation of new products, processes and systems. Manu- 
factiuing and design are int^ral elements of this reorientation. 

Now, the National Science Foundation through its research and 
engineering initiatives is helping to make this change. While it's 
too early to gauge the success of all of these initiatives, we believe 
they are generally headed in the right direction and are hitting the 
right leverage points. In fact, we believe the goals of these initia- 
tives are so important to the Nation that they justify increasing 
support for the Engineering Directorate faster than the rest of the 
agency. 

In considering the term "manufacturing," what we mean by 
manufacturing, we feel it should encompass a broad group of ge- 
neric technologies and processes. Hiis includes not only systems 
management technol(^es and conventional processing, but also 
such areas as environmentally friendly chemical processes, intelli- 
gent processing equipment, flexible computer-integrated manufac- 
turing, and micro- and nanomanufacturing. All of these areas, par- 
ticularly related to processing, could use significantly increased 
levels of research funding from the Foundation. 

Because the real advances in manufacturing research and educa- 
tion require industry participation — ^we've heard that ftom two pre- 
vious speakers— we strongly endorse the Foundation's approach as 
sponsoring manufacturing-related research through a variety of 
centers and small group awards. Center grants make natural tar- 
gets for industry participation. For example, at the Systems Re- 
search Center on my campus, we have already spun off two major 
activities wth industry — a center on electronic packaging and one 
on satellite commimications. We believe it would be most valuable 
to expand the Engineering Research Centers program as well as a 
smaller scale collaborative centers and the strate^c manufacturing 
initiative. 

In general, undergraduate teaching materials need to be im- 
proved. The Foundation might want to designate funding for manu- 
facturing and manufacturing-related course and curriculum devel- 
opment. Although it's not specifically focused on manufacturing, 
the NSF's Engineering Education Coalitions are really making a 
difference in this area. For example, the ECSEL Coalition, to which 
my engineering college participates, is working to integrate design 
across the entire curriculum. At the freshman level, our main ob- 
iective is to show students where engineering design fits into the 
heavy concentration of analysis courses that Follow. We do this by 
having the students undertake a complete design, including manu- 



47 



facturing and assembly. But because the students do not have a 
very great background in engineering, they make their design of 
familiar products like swing sets and seesaws. This experience m 
the complexity of design leads them into the rest of the curricu- 
lum. • r^ 

Given the innovation and collaboration we are seeing m the h^n- 
gineering Education C!oalitions, we would like to see their number 

expanded. , 
A key to reorienting engineering education towards the creation 
j^of new products and processes is, of course, the faculty. Since most 
of our faculty go directly from research-oriented graduate school 
into teaching, very few have industrial experience. While some of 
our faculty are gaining industry experience through the research 
centers and the Engineering Directorate's Industrial Internship 
Program, another avenue for change is summer support for facul- 
ties to work in industry, particularly the young faculty. Support 
could be focused on the faculty member's first summer of employ- 
ment, which should be early enough to provide the individual with 
industry background and would, perhaps, reorient research activi- 
ties into more industrial mode. v xt • 

At the undergraduate level, while we know that the Nation 
needs more of our best engineering graduates to go into manufac- 
turing, we also know that our students respond to financial incen- 
tives. When industry demonstrates that it values manufacturing 
engineering through greater prestige and salaries, I am confident 
more of the students will be attracted to manufacturing programs 
and degree options. 

One thing industry could do to make manufacturing centers 
more interesting to students is to establish a small grants progr^a 
to enable faculty members to hire undergraduates during the 
summer to work in applied research projects, preferably with in- 
dustry. This program would complement, and not replace, the ex- 
isting Manufacturing Experiences for Undergraduates program 
which the Foundation runs through the Research Directorates. 

At the graduate level, we believe the Foundation should sustain 
and expand the new graduate traineeship program. This would be 
especially valuable in manufacturing areas because traineeships 
can be targeted at specific .fields and university departments. Al- 
though the Foundation-wide traineeship program would not focus 
solely on manufacturing-related fields, proposals with a manufac- 
turing focus could be provided extra consideration. 

To sum up, the deans of engineering strongly support the Engi- 
neering Directorate in its effort to promote a return to the business 
of engineering in our engineering colleges, including the revitaliza- 
tion of manufacturing engineering research. Because this effort is 
so important to the Nation's technological development and to the 
education of tomorrow's engineers, we believe that financial sup- 
port for the Engineering Directorate should grow faster than even 
the rest of the Foundation. 
I'd be pleased to answer any questions. 
[The prepared statement of Dr. Dieter follows:] 
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Mr. Chairman, thank you for this opportunity to appear 
before the Subcommittee to discuss the role of the National 
Science Foundation in manufacturing engineering education and 
research. My name is George Dieter and I am dean of engineering 
at the University of Maryland, College Park 

president-elect of the American Society for Engineering Education 
(ASEE). I am speaking today on behalf of the ASEE Engineering 
Deans Council, which represents the more than 300 colleges of 
engineering in the United States. 

As you know, industrial competitiveness has become a major 
concern in the nation. It is clear that the nation's economic 
and military security depend on our ability to develop and deploy 
technology more effectively than our competitors. 

The role of the nation's engineering schools in helping meet 
this competitiveness challenge is growing and changing. We are 
moving away from the post-World War II focus on engin««fi"g 
science and the creation of new knowledge, ^°^ard a broader role 
that includes not only creation of new knowledge but a renewed 
focus on the business of engineering— that is, the creation of 
new products, processes and systems. Manufacturing and design 
are integral elements in that re-orientation. But it also 
includes developing new modes for engineering research; a ma^or 
reshaping of curricula to make engineering education more 
interesting, integrated and relevant to engineering practice; and 
major efforts to open up the profession to traditionally under- 
represented groups such as women and minorities. Taken together, 
these changes will reshape academic engineering for meeting the 
challenges of an increasingly competitive world. 

Through its education programs and research thrusts, the 
National Science Foundation's Engineering Directorate is helping 
engineering colleges initiate and speed these changes, wnile 
there is manufacturing activity in other portions of the 
Foundation— notably the Computer and Information Science and 
Engineering Directorate— Engineering is an important catalyst in 
directing new education and research attention to manufacturing 
and manufacturing-related areas. 

It is too early to gauge the success of many of these 
initiatives, but we believe they are generally headed in the 
right direction and are hitting the right leverage points. And 
in fact, the goals of these initiatives are so important we 
believe they justify increasing support for the Engineering 
Directorate faster than the rest of the agency. The greater the 
support, the greater the leverage and the faster the change in 
the academic engineering community. 

I would like to discuss four inter-related areas that need 
to be addressed in order to accomplish this shift in focus: 
research, course curriculum development, faculty rewards and 
student needs. 
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R«g»arcli^ The term "manufacturing**, should be viewed quite 
broadly, to encompass the wide array of generic technologies and 
processes that ultimately contribute to effective product 
development. This includes not only systems management 
technologies, but also research in such areas as environmentally- 
friendly chemical processes, intelligent processing equipment, 
flexible computer integrated manufacturing, and micro and nano- 
manuf actur ing . 

All of these areas, particularly related to processing, 
could use significantly increased levels of funding. Since 
support for these technologies and processes is spread throughout 
the Engineering Directorate, as well as in other directorates, 
funding increases should not be highly concentrated. One cannot 
always predict where new advances will be made that contribute to 
manufacturing or systems capability. Moreover, the Directorate 
must keep in mind its mission to broadly support basic 
engineering research and not starve out important areas that may 
not be immediately applicable to manufacturing. 

R»s»arch C*nf rs. We support the Foundation's approach of 
sponsoring manufacturing-related research through a variety of 
centers and small group awards. Real advances in manufacturing 
research and education, we believe, require the participation of 
industry. Center grants, both large and small, are targets of 
opportunity for industry participation. 

The Engineering Research Centers (ERCs) are significantly 
strengthening the ties of university researchers and students 
with industry. The long-term involvement of industry in these 
centers is both enhancing the research and educating students in 
a cross-disciplinary, systems approach to problem solving that is 
vital to the new world of flexible manufacturing. At the Systems 
Engineering Research Center on my campus, for example, we have 
already spun off two major activities with industry: a center 
for electronic packaging which focuses on the design and 
reliability of electronics packaging, and a NASA center for the 
commercialization of space which deals with satellite 
communications. Our students are in high demand from industry. 

There would certainly be value in adding new centers — such 
as the Foundation is proposing in FY 1993 — to focus on critical 
technologies in manufacturing and materials. 

The deans also support expansion of the Directorate's 
smaller-scale center and group award programs. These include the 
industry and state /university collaborative centers program, as 
well as the strategic manufacturing initiative which NSF is 
funding in cooperation with the Department of Defense. 

These smaller-scale centers, geared toward specific 
manufacturing problems and regional economic developiaent issues, 
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can be accessed by a broad array of engineering schools — both 
large and saall — and still provide faculty and students with the 
direct interaction with industry and real-world Manufacturing 
problems associated with the larger centers. We night reconunend 
that in order to provide greater leverage, the maxinun annual 
grants allowed in the strategic manufacturing initiative be 
increased from $300,000 to $500,000. The higher level of funding 
would enable university researchers to attract greater industry 
support and end up with perhaps $3-4 million a year, a good 
amount for making things happen. 

I would like to add that the engineering deans applaud the 
Engineering Directorate for initiating, in cooperation with the 
Social, Behavioral and Economic Sciences Directorate, a new 
program in the management of technology. We believe this program 
holds q^ceat promise for interdisciplinary research in this 
important area. 



Course and Curricula. In general, undergraduate teaching 
materials in manufacturing could use improvement. The 
Engineering Directorate, or the broader Foundation, might want to 
designate funding for manufacturing and manufacturing-related 
course and curriculum development. The fvinding should be linked 
in some fashion to the manufacturing research activities of the 
Directorate. This should include development of design and 
manufacturing case studies. 

The Engineering Education Coalitions are also making an 
important contribution in this area. While the four existing 
engineering education coalitions are not explicitly focused on 
manufacturing, they are aimed at promoting practices that will 
contribute to manufacturing expertise: student and faculty 
teamwork, integration of disciplinary material with design and 
practice, total quality .management, and a focus on real-world 
applications. For example, the Engineering Coalition of Schools 
for Excellence in Education and Leadership (ECSEL) , in which my 
engineering college participates, is focusing on integrating 
design across the entire curriculum. We are having some real 
success. At the freshman level, the chief objective is to show 
students where engineering design fits into the heavy 
concentration of analysis courses that follow. We do this by 
having students undertake a complete design — including 
manufacture and assembly — of familiar products like swing sets 
and seesaws. This experience leads them into the rest of the 
curriculum. 

Given the innovation and collaboration we are seeing in the 
Engineering Education Coalitions, we would like to see the number 
of coalitions expanded. 
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Jaculty »>vArd«, As in most aspects of engineering 
education, the key to change is with the faculty. If we want to 
re-^-rient engineering colleges toward the creation of new 
P'oducts and processes, we need to provide faculty with 
incentives to gain industry experience. sinc« nost of our 
faculty go directly from research-oriented graduate programs into 
faculty positions, very few have any experience in industry, much 
less in manufacturing. Providing them with relevant industrial 
interaction would make a big difference. 

The NSF research centers and manufacturing-related group 
awards are addressing this issue by requiring faculty to work 
together with their industry colleagues and developing 
appropriate recognition for their contributions. But the effort 
needs to be broader. Along with the Engineering Faculty 
Internships, which enable faculty members to conduct research in 
an industrial setting, the Foundation could develop a program to 
support summer experiences for faculty in industry. Young 
faculty members could be specifically targeted, with support 
focused on their first summer of employment. This would give 
them industry experience early in their careers without 
interfering with their efforts to gain tenure. 

We as deans of engineering can also do more. For example, 
we can provide our young faculty members with time out from the 
tenure process in order to pursue year- or two-long sojourns in 
industry . 



gt^4*n^tt We know that for the technological benefit of the 
nation our engineering graduates will need strong skills in 
integration and design and that more of our best students should 
go into manufacturing-related careers. But engineering students 
are smart and respond to financial incentives. They look at the 
low starting salaries of manufacturing engineers and decide to 
look elsewhere, when industry demonstrates that it values 
manufacturing engineering through greater prestige and salaries, 
I am confident more of our students will be attracted to 
manufacturing programs and degree options. 

One way that NSF could make manufacturing careers more 
interesting to students is to establish a grant program that 
would enable faculty members to hire undergraduates during the 
summer to work on applied research projects. The focus should be 
on practice-oriented research— preferably in direct collaboration 
with industry — and should be open to all faculty, not just those 
with NSF research grants. In this way, the program would 
complement, not replace, the existing Research Experiences for 
Undergraduates (REU) program the Foundation runs through the 
research directorates for more traditional research activities. 
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At the graduate level, the Foundation should be encouraged 
to sustain and expand its new graduate traineeship program. 
Traineeships would be particularly valuable for manufacturing 
programs because they can be targeted at specific departments in 
specific fielrts. We recommend that eligibility for funding 
include both practice-oriented masters degree and doctoral 
programs. While the Foundation-wide traineeship program would 
not focus solely on manufacturing-related fields, proposals with 
a manufacturing focus could be provided extra consideration for 
funding. 



SumaTV. In sum, the deans of engineering are quite 
supportive of the general directions of the Engineering 
Directorate in promoting a return to the business of engineering 
in our engineering colleges, including the revitalization of 
manufacturing research and education. Because this job is so 
important in technological development and in the education of 
tomorrow's engineers, and because NSF is such an important 
catalyst in the academic community, we believe Congress would be 
fully justified in increasing support for the Directorate at a 
faster rate than the rest of the Foundation, 
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Mr. Boucher. Thank you very much, Dr. Dieter. 

The subcommittee expresses its appreciation to each of the wit- 
nesses for their carefully prepared and well-presented testimony 
this morning. 

rd like to direct my first question to you, Mr. Markovits, as a 
representative of the private sector. Could you give us some sense 
of the extent to which industry is aware of these shortcomings and 
is making an active effort to recruit the kinds of engineers that 
have skills in manufacturmg design and in new manufacturing 
technologies? And, if there is some sense that industry is not doing 
this very aggressively, then should we not be worried about the 
extent to which yoimg people could be encouraged to go into these 
fields? If they are not going to have jobs waiting for them on the 
other end, why would they choose this course of study? 

So, would you care to address that range of concerns and tell us 
what's going on in industry and what the perception is there 
today? 

Mr. Markovfts. Yes. Yes, I would. Let me give you my percep- 
tion, but ril do it primarily from the perspective of the nigh tech 
industries, mainly the computer and the semiconductor industry 
because that's basic€dly what Fm familiar with. All right? And I 
think in those particular industries there is an awareness of the 
need for design skills. There is an awareness of the need for overall 
educational skills. 

As I mentioned before, within IBM, they put in place a signifi- 
cant amount of resource in programs to up-level the education of 
the particular technicians^ the line technicians. At a higher level, 
they are working with various imiversities in other companies that 
I've worked with, like Intel and National Semiconductor- are 
working with various universities to put in place programs to do 
two things: One, to affect the curricula of those varioxis schools. All 
right? Two, to form more interaction between the universities and 
industry to bring university teachers into industry on sabbaticals 
and things like that, so that when they go back to the universities 
they understand how it is they have to mold and change the sub- 
stances of their courses. All right? And three, to actually educate 
the people themselves right on the job. 

So I would say that at least in the high tech industrii^s they are 
very aware of these problems and there is a great demaiid. 

Mr. Boucher. So the demand is there in the industrial .sector for 
engineers who have these skills? 

Mr. Markovits. In the high tech industrial sector, yes. 

Mr. Boucher. Do you have any sense about the lower tech indus- 
tries? Is the same true there? 

Mr. Markovits. No, I am sorry, I don't. I don't have that level of 
interaction with them. 

Mr. Boucher. Let me ask our other two witnesses this morning, 
both of whom serve on the National Research Council and un- 
doubtedly have had much interaction with industry. Do you have 
the sense that across industry generally there is an awareness of 
this problem and some desire on the part of most companies to re- 
cruit engineers with these skills? 

Dr. Jones. I would say among the leading firms, yes. But a thing 
we've been talking about just this morning, there is a great mass of 
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companies that provide an awful lot of jobs for the manufacturing 
industries that are just barely making ends meet. Day to day ev- 
eryone is putting out fires, and we cannot honestlv say that these 
people even recognize what in addition they need. In fact, that's 
one of the jobs— is to get the word out to these many, many compa- 
nies that they can improve their performance greatly. 

And, to make the comparison some people object to, that is one 
of the big differences between the structure and interactions of 
American companies and Japanese companies, where the well- 
known mode there is for a large company to actively nurture quite 
a number of suppliers, and those in turn will nurture a number of 
suppliers. 

Mr. Boucher. Dr. Dieter? 

Dr. Dieter. One of the major manufacturing concerns in the 
State of Maryland is Black & Decker, and their vice president for 
technology recently served on a task force of our Higher Education 
Commission on Engineering Education. And he made very sure 
that in the recommendations of this Commission that steps will be 
tcdcen to strengthen manufacturing engineering education in our 
engineering colleges. 

I think a program that also needs to be mentioned here is the 
program that's funded and managed through NIST that establishes 
regional manufacturing centers that are directed chiefly at inter- 
acting with the small companies that Dr. Jones was talking about. 
I think that program is a very good one and needs to be encour- 
aged and expanded, because I think it works at that level where 
the high tech companies and the high tech input really doesn't get. 

Mr. Boucher. Let me get you to address, if you would — and FU 
ask all three panel members this question — the attitude and the 
procedures that exist within the engineering schools themselves. 
First, from the standpoint of the simple question of prestige, is it 
considered to be a good thing to do professionally to pursue a 
career in manufacturing design, high technology manufacturing- 
engineering design, I think, is the phrase you used? Is that consid- 
ered to be a prestigious thing to do? And, if not, does the lack of 
stature that attends that endeavor tend to retard entrance into the 
field? And, if that is true, what do we need to do about it? 

And then, secondly, the faculty reward system itself. Given the 
paucity of research funds that are placed into this discipline today, 
and the emphasis at universities on obtaining research grants as a 
means of demonstrating success and getting promotions, is there 
an imbalance in that that is also causing faculty to shy away from 
these very important disciplines? 

So, address, if you would, the eiTect of the faculty reward system 
and also the question of prestige on encouraging faculty to go into 
these fields. 
Dr. Dieter? 

Dr. Dieter. Ten years ago I would say that there was very defi- 
nitely a problem with prestige for design and manufacturing. I 
think that one of the things that has changed that very much is 
the entry of the Engineering Directorate of NSF very heavily into 
the areas of design and manufacturing. 

In the pecking order of universities, the National Science Foun- 
dation funding is the best, and faculty who can obtain funding 
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from NSF, it is a factor of prestige. So I think that NSF's participa- 
tion is crucial and vital in changing this situation, and it has 
changed. 

Mr. Boucher. Has it changed to the point that it is considered as 
prestigious today to be a design engineer or a manufacturing engi- 
neer as it is to be someone who is involved in basic research in the 
high tech area or something such as that? Is it as prestigious to be 
involved in design today? 

Dr. Dieter. Well, if you can do research in design and manufac- 
turing and couch it in such a way as to publish it in the more pres- 
tigious journals, then it is. But, if what you do is very applied, and 
therefore can't be published in prestigious places, then it could be a 
problem. 

What we have found is that our faculty do both. Again, in the 
State of Maryland in recent years we have established a program 
for matching funds between industry and the university to do what 
you would call applied research, and Fm very pleased to say that 
these fimds are very highly sought after, and by some of our uiost 
prestigious researchers. That doesn't mean they don't do their line 
of fundamental research and publishable research, and they contin- 
ue to do that. But they are very interested in seeing their research 
results applied. 

Mr. Boucher. Should we conclude that the question of prestige is 
no longer a problem in terms of encouraging people to enter this 
discipline today? Do you think it has been remedied to the point 
that we shouldn't consider that? 

Dr. DiETSR. Well, I don't know about that, but I would say that 
the ability to attract people into this field is very much a function 
of the perceived fundmg — ^the stabili^ of the funding and whether 
it looks like someone starting out building a career in this field is 
likely to be able to go for some period of time. 

Mr. Boucher. Let me ask the other two panelists to comment on 
that question. 

Dr. Jones? 

Dr. Jones. I think we still have a serious problem on prestige. In 
fact, even the terminology "prestigious journals" indicates the bias 
because we have found that some of the most prestigious journals 
have circulations of the order of 200 worldwide. So that a paper in 
a prestigious ioumal may really have very, very little influence 
compared with an article in something like Machine Design or 
Design News or many of the periodicals that are actively read by 
people in industry. 

Prestige is still a serious matter. And, as Dr. Dieter says, here is 
a place where NSF leadership can truly make a difference. Because 
the NSF stamp of approval, their funding of work in a given area 
just attaches prestige to that area within the academic community. 
That's why thfe NSF — investment, I think, of the Nation in NSF 
pays great returns, because it does change the way people think 
and it changes the areas that people work in. 

The other thing is, let's face it, one the comparisons made 
among universities is simply on the basis of research dollars. It 
may be a spurious measure, but it's a n^asure. Even U.S. News & 
World Report in comparing graduate schools list that as a primary 
factor, as unsound as it may be, as a primary factor. And there 
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again, as Dr. Dieter says, as we have the research funding m a 
riven area, that adds stature, prestige to that area. Thats why I 
would like to see the moves made that are gomg to bnng those 

things to fruition. . , 

Mr Boucher. You know, that's the kmd of concise answer I was 
looking for We do have a problem and the answer to it, you say, is 
NSF giving a higher stature through its research budget to these 
disciplines. ^ . „ 

Mr. Markovits, would you care to comment on th^.' 
Mr. MARKOvrre. Yes. Yes, I would like to. But I d like to address 
it a little bit differently. I think my colleagues have addressed the 
issue of prestige as it pertains to the university and univereity pro- 
fessional. But I think the problem actually starts earlier than that. 
I think the problem starts in our high school with the fact that 
most students don't believe that it's a prestigious career to pursue 
in terms of basic engineering. All right? They believe that either a 
business career or a career in basic research or science is much more 
prestigious to pursue. And so I think the NSF funding has to be 
directed at that problem too. ,. , t, u 4.u« 

I think you have to address it an earlier stage. Be<»use by the 
time these students get to pick their college direction, their mmd is 
made up. Their perception of the prestige of different areas is 
formed, and they are not going to change it. , . . 

Mr. Boucher. How would you suggest that we do that at that 

Mr Markovits. Well, I'll give you an example. In New York 
State, there is a program called the Visions Progr^n in which vari- 
ous high tech companies in the New York area have brought in 
high school teachers to work with them over the summer, and the 
high school teachers then learn what it is to be mvolved m manu- 
facturing and basic design engineering. They then bnng this back 
to their students, and they encourage their students then to get in- 
volved in this, and they tell their students what the rewards are 
being involved in this. This is the kind of communications that has 

*^Now^we had it, I think, back in the Sixties. I mean, back in the 
Sixties it was a given that you were going to be an engineer be- 
cause it was the greatest thing in the world. It was part of, you 
know the way to go. You are going to put a man on the Moon. You 
don't have that today. I mean, today the picture is pictures of Ivan 
Boesky and other manipulators. Right? I'm sorry, but it s true. 

Mr. Boucher. Back in the Sixties, I guess, a lot of engmeers also 
did a stint with industry. 
Mr. Markovits. Right. .t. t r ^ ^ 

Mr. Boucher. And that was part of the career path. In fact, part 
of the training was tied up with a fellowship m industry. That is 
less typically true today, is it not? 
Mr. MARKOvrrs. Yes. ^ . , . ^i. ^ i • j 

Mr. Boucher. Would it be helpful if we tried to instill that kind 
of partnership again? , . , ^ . i 

Mr Markovits. I think so. I think the companies have to take a 
part in this too. Again, I hate to keep— everybody keeps referring 
to the Japanese, but in many Japanese companies they will take 
their new, young graduates and they will make them go through a 
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stint in manufacturing. And they will learn what it is; so that, 
when they go later on into research and development, they know 
what it is they are developing, and they know what the implication 
is going to be to the manufacturing line. We tend not to do that, 
and we need to do more of that. 

Mr. Boucher. Are there any problems inherent in the faculty 
reward system that discourage people from pursuing this field, that 
discourage faculty from investing appropriate intellectual and 
other kinds of resources in it? Dr. Jones? 

Dr. Jones. Absolutely. You mentioned the faculty reward system 
in your opening statement, and no study of education, higher edu- 
cation, today is complete unless it does address this very, very seri- 
ous problem, which is a close-in type of problem. The promotion, 
tenure, salaiy actions in universities are determined within the 
university, when outside help is asked for, it is asked for of other 
faculty members who are in the same kind of thing. 

I detest writing ktters to support the promotion of some col- 
league in another institution I may never have visited. I don't 
know what goes on there exactly. And yet I do it, because Fm going 
to need some letters to get some of my people promoted. And that 
system definitely needs change. Mostly it needs a bright light on it. 

And I think the pressure that comes from outside, whether it be 
NSF, prospective employers, prospective students and their par- 
ents, to bring this promotion and tenure system out into the open 
is aU to the good. And there has been some literature on it. Of 
course, the Charles Sykes book "Prof Scam" and Paige Smith's 
book "Killing the Spirit" both address this, and I think we need 
the broad light of day on those. 

Mr. Boucher. Thank you. Other comments on that question? 

Dr. Dieter. Only that a very respected person in higher educa- 
tion, Ernie Boyer, has written a book called "Scholarship Revisit- 
ed" which addresses this subject and attempts to show how the cri- 
teria for promotion and tenure could be broadened and still meet 
the rigorous standards that universities are conducting. 

So I think there is a trend in this direction, but, as Dr. Jones 
says, it's very, very slow. 

Mr. Boucher. This is a question that is uniquely within the 
hands of the universities and colleges themselves. Is there any real- 
ization at the administrative level internally within the various 
schools, within a university or universitywide, that this problem 
exists and that it needs to be addressed? 

Dr. Dieter. I think there is a slow realization of this. You need 
to realize that what happens in an engineering school in a large, 
broad-based university is very different from what happens across 
the board. Attitudes there very often are not the norm. But I think 
it is coming slowly. 

Mr. Boucher. Dr. Jones, do you agree? 

Dr. Jones. Yes, I agree. It is very difficult to change. And I must 
confess, you know, I'm part of the system, and I've prospered and 
was promoted and so forth. And the system is currently in the 
hands of people who have prospered under it. That makes it very 
difficult to change. 

Mr. Boucher. The public sort of complains about us the same 
way, I might add. [Laughter] 
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Well, that concludes my question of this panel, at least for the 
initial roxmd. I thank you very much. 
And I recognize the gentleman from California. 
Mr. Packakd. Thank you, Mr. Chairman. You mentioned about 
fellowships and the process of faculties going into manufacturing, a 
first stint, and broadening their experience level. The reverse also. 
What about manufacturers and those in industry coming back mto 
the classroom? Is that being done as much as it was? Or should it 
be done more? And how could that be done effectively? 
Dr. Jones? ^ . - . 

Dr. Jones. It's being done a little bit. Certain companies have 
been very helpful on this. IBM has supplied some excellent people 
on faculties around the country. CM;herwise, the arrangements are 
usually made on a one-on-one basis. I have done it. I have had fac- 
ulty members come in and spend a year, key people from compa- 
nies such as Dupont, General Motors, General Electric, TRW. 

These things were done simply on a one-to-one basis because, if 
you are looking for someone and an industrial firm says. Here s a 
man we can spare," we don't want him. You want the man that 
they really can't spare. Occasionally you can find some key person 
who is between assignments or has just completed a big assign- 
ment, and you can do it. That is a very healthy thing. It works 
beautifully. But it is done on a very, very small scale. 

There is not an average of one such person per university across 
the country at this time. 

Mr. Packard. Dr. Dieter 

Dr. Dieter. That was a very good answer. 

Mr. Packard. Do you confirm that? 

Dr. Dieter. Yes, indeed. 

Mr. Packard. Your university- 

Dr. Jones, you mentioned in your testimony that the study shows 
that $6 million for this first year and $20 million thereafter for 4 
or 5 years would be adequate. Has NSF factored that into their 
budget, or could they? Or would that require additional appropria- 
tion? , . 1 ^- I. 

Dr. Jones. We are suggesting an additional appropriation be- 
cause we do not see it in the NSF budget submittal. Now the 
design research has been within the design and manufacturing pro- 
gram in the Engineering Directorate. I believe that about 3 yeai« 
ago when I was on an advisory committee there that the exTOndi- 
tures were about $3.5 million. And I don't have firm figures, but I 
believe from talking with people there that it is about $1.5 million 
into design research during the current year. 

We tmnk it is very difficult for NSF to reallocate funds to do 
that within their budget because there is always that reluctance, 
you know, of any other organization to give something up. There- 
fore we would suggest that this be an initiative; that is, a funding 
specifically for the purpose of supporting research in engineering 
design. 

Does that answer your question? 

Mr. Packard. Yes. Very well. ^ ^ ^ 

Mr. Markovits, in your report you have recommended that the 
factory be viewed as a laboratory. How do you suggest re-establish- 
ing the mind-set of our industries and universities in terms of 
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using industry as a learning laboratory for design manufacturing 
processes? 

Mr. Markovits. Right. I think that the NSF could have a signifi- 
cant impact upon this by funding the type of research that would 
require joint collaboration between the universities and people 
from our manufacturing lines, and that funding also predicate that 
research has to be done to some extent in the manufacturing lines. 
I think the important point we were trying to make in that report 
was that it's one thing to isolate a problem and to do it in a labora- 
tory. It's another thing to try and make that same study, if you 
will, in the manufacturing line where control itseJf is an object of— 
or desire that you may not have. Right? 

So I think if you can so direct the research so that it has to 
happen in a manufacturing line and it has to be this close collabo- 
ration and they have to take into account the entire systemic view 
on it, understanding that a small change here is going to impact 
the entire line, that s the way that the NSF could have an impact. 

Mr. Packard. You also mentioned in your testimony — excuse 
me — that the Japanese metalworking industry using advanced 
manufacturing technology has demonstrated remarkable increases 
in productivity and that we need to do more of that. How can we 
make that transition? How can we implement— what would be nec- 
essary for us to show the same kinds of increase in productivity by 
using the same process? 

Mr. MARKOvrrs. Well, I think I'll pick up on a comment that Dr. 
Jones made before. I think his comment was the fact that many of 
our indiistries, especially the smaller industries, are not aware of 
what's out there. They are not aware of the technology that's avail- 
able today. And some sort of effort on the part of the NSF to bring 
these people into the circle and have them understand the technol- 
ogy that's here. 

We're not talking about technology that doesn't exist. It's there. 
All you have to do is go over to Japan, like I did a couple of years 
ago, and tour the Mazak plant and you'll understand that it's here 
today. Right? But for some reason it's not being picked up by and 
used by our manufacturers, and we have to somehow bring these 
people into the circle, educate them, show them the benefits of this. 
And then, I think, if you show the business benefits of it, that 
the/U pick up on it. 

Mr. Packard. Are we going to have the same kind of competition 
from some of the Third World countries, Korea, in the metalwork- 
ing areas — ^Taiwan tts well as the European Community? 

Mr. MARKOvns. Definitely. Something you need to understand 
about advanced manufacturing technology is that, once you've been 
able to codify this knowledge, that is, the advanced manufacturing 
technology— put it into computers into knowledge bases and data- 
bases; put it into these highly automated machines— those are 
highly transportable. You can take those anyplace, and you can 
train people how to use them, and then you have that sort of pro- 
ductivity. 

You are seeing it now. You are seeing it with the Pacific Rim. 
Mr. Packard. Have we not already relinquished our willingness 
to compete in those areas? 
Mr. MARKOvrrs. No, I don't think we have. 
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Mr. Packard. Dr. Dieter, you mentioned in your testimony that 
the Engineering Research Center on your campus has been very 
successful. Has industry been involved in that Center, and how 
could that same experience be transferred to other centers? 

Dr. DiCTER. Well, I think all of the Engineering Research Cen- 
ters — one of their major requirements is to have very significant 
interaction with indtistry, and indeed they all do. I think at our 
school we have about 25 companies that participate with our 
Center in various ways. 

And the thing that I think is significant about these Centers is 
that they are large enough and they work on big enough problems 
that they can attract companies and indeed provide opportimities 
for students to get industrial experience. Every summer a signifi- 
cant manber of our graduate students go out and work with our 
sponsoring companies. And. of course, the companies are intimate- 
ly involved in planning and helping the research to be done. 

This I think is a model. Maybe the scale does not have to be as 
large as some of the Engineering Research Centers, but I think we 
ne^ to create more of these opp<)rtunities around the country and 
at more universities so that this interaction can take place. 

Mr. Packard. As students graduate now in engineering areas, is 
it more difficult than it was 10 or 20 years ago or less difficult to 
find good jobs, well-paying jobs? 

Dr. DiETKR. Well, of course, there is a recession on right now and 
the recession has affected the employment opportunities in the last 
2 years. But, if you discoimt that, the opportunities for engineering 
students have been very fine. They have been very sought after. 

Mr. Packard. Has that had a change or effect on the enrolhnent 
in the engineering fields in schools by virtue of being more attrac- 
tive? 

Dr. Dieter. Well, there was a very great enrollment in engmeer- 
ing students starting around the mid-seventies and going through, 
I guess, the mid-eighties. Engineering enrollment has always 
tended to be fairly cyclical, and we are now on a downward trend. I 
don't think it's a precipitous drop, but it is down in the last 3 or 4 
year j, probably reflecting the general downturn of the economy. 

Mr. Packard. Can that be changed with better educational prac- 
tices? , 

Dr. Dieter. Well, of course, the number of students who study 
engineering is determined, first of all, by the general level of inter- 
est, but then by the math and science background that the stu- 
dents get in high school. You're almost predetermining the number 
of students who would be eligible to study engineering in the 
Nation by the number who take appropriate math and science in 
high school. 

Mr. Packard. In the last decade we have emphasized that very 
thing. 
Dr. Dieter. Yes. 

Mr. Packard. Have we seen an effect? 

Dr. Dieter. I think there has been some improvement, but it cer- 
tainly has a long way to go. 
Mr. Packard. Thank you, Mr. Chairman. 
Mr. Boucher. Thank you very much, Mr. Packard. 
The gentleman from Alabama, Mr. Browder? 
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Mr. Browder. I have no questions, Mr. Chairman. Thank you, 
Mr. Boucher. Thank you, Mr. Browder. 

Let me just inquire with this panel into one additional area. 
You Ve done an excellent job today in giving us a sense of the scope 
of this problem and suggesting some broad solutions. 

One potential precise solution is the NSF recommendation that 
for fiscal year 93 there be a program budgeted at $103 million for 
the advanced manufacturing initiative, the precise title of the pro- 
gram. I'm sure you're familiar with this. It builds on an existing 
program at the NSF. 

Dr. Jones, you in particular had talked about the need for high- 
lighting engineering design. And I wonder if the initiative at the 
NSF appropriately highlights it or whether it's so subsumed in the 
overall initiative that it is rendered less significant or inappropri- 
ately significant. And, if you could comment generally on that initi- 
ative and in particular as to whether engineering design is appro- 
priately underscored in it, I would appreciate that. 

Dr. Jones. One thing you should notice is that $104.5 million is 
not, of course, a prc^am that stands out here labeled as advanced 
manufacturing per se to the exclusion of other things. More it's a 
matter of looking at things, principally in the Engineering Direc- 
torate, but at about half the level in computer science and some in 
the social sciences and some in math and the physical sciences, 
where it's a matter of an overlay. You loc»k at these four director- 
ates and say what programs within those directorates are already 
established, perhaps identified by other programs such as the Engi- 
neering Centers, do bear on advanced manufacturing. And so that 
is the nature of it. 

You want to think of it not the same thing as a separate, stand- 
alone, $104.5 million program. It doesn't have the structure or the 
overall direction, to the extent that you do direct research areas, 
that a stand-alone program would have. That would be one com- 
ment. 

There is a lot of good work included in that program, in the 
$104.5 million. Everything I read indicates that you do not have 
the attention that is needed on the engineering design research. 
Because while engineering design is almost always very closely cou- 
pled with manufacturing, there are some — ^there is some knowledge 
we need about the engineering design process that is not closely 
coupled with manufacturing and that is unlikely to get the atten- 
tion that it should. 

Another reason for having a separate designated program in en- 
gineering design is that, as you know, over the years NSF funding 
responds to proposal pressure — ^how many people want to do re- 
search in the area. Of course, in the area of engineering design, 
where the sources of stable continued funding have been minimal, 
I must say the research community is rather discouraged. And so, 
you don't see the proposal pressure because they feel that it's fruit- 
less to apply. And that's another reason why we believe that a sep- 
arate identified structured program is essential. 

Mr. Boucher. A structured program in engineering design per 
se 

Dr. Jones. Yes. 
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Mr. Boucher [continuing]. Or in the broader field of manufactur- 
ing technology? 

Dr. Jones. Oh. I think both are needed. But Ym addressing this 
reason for a structured program in engineering design research. 

In the manufacturing, I see much good work in there. I think 
some of the work being done by the Engineering Research Centers 
is just marvelous. It is top notch. It has set a good example of how 
things should be done. And like Dr. Dieter, I don't mean to say 
that^ the only way we should go. We need many other approaches 
to doing research. I think we need to recognize where success has 
been achieved. Clearly the Engineering Centers Program is one of 

So I am highly supportive of the $104.5 million program which 
we see as advanced manufacturing. But we must remember that 
that is an overlay-type program, if Fm using the right terminology, 
not a stand-alone program of itself. 

Mr. Boucher. Okay. Gentlemen, would you care to comment at 
all? All right. 

Let me— Mr. Markovits, did you 

Mr. Markoytts. Yes, I would like to make one comment. I think 
that when you consider the overall advanced manufacturing initia- 
tive proposal be very careful not to exclude the part that has to do 
with the soft sciences, if you will. For several years I was the 
worldwide program manager for computer integrated manufactur- 
ing for IBM, and Til tell you that we saw many, many failures, 
where the technology was put in but we didn't produce the results 
that we wanted. And the failures occurred because we didn't make 
changes to the management practices and policies, and I think 
that's as critical as the technology. 

So, when you structure this overall program, be certain to fund 
that part that really deals with the organizational structure, the 
practices and the policies. Because if there's a place where the Jap- 
anese really beat us, it is in that area. 

Mr. Boucher. Do you think that NSF should allocate more than 
1 percent cf its budget for manufacturing technology to the soft sci- 
ences? 

Mr. Markovffs. I do. 

Mr. Boucher. That's what they're allocating now, about 1 per- 
cent. 

Mr. MARKOvrrs. Yes. I do. I think you need much more. 
Mr. Boucher. What's a good mix? What percentage would you 
suggest? 

Mr. Markovits. I would suggest at least like a 5 percent. 

Mr. Boucher. Okay. Let me just ask one additional question 
along the same line. There is a suggestion that perhaps this gener- 
al subject rises to the importance that it ought to become part of 
the FCCSET cross-cutting interagency process. Any recommenda- 
tions as to whether that would be appropriate? Should we make 
this one of the FCCSET grant initiatives for the coming year? 

Dr. Jones? 

Dr. Jones. I agree that you should. Very definitely. 
Dr. Dieter. I thought it was. 
Mr. Boucher. No. 
Dr. Dieter. No? 
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Mr. Boucher. It's being discussed. 
Dr. Dieter. Oh. Okay. 

Mr. Boucher. It definitely is being discussed. I think our next 
panel may address that and mention it, but I wanted to get your 
views as to whether it's appropriate. 

Anything further? Mr. Packard? Mr. Browder? 

We greatly appreciate the help that you've provided this morn- 
ing, and we thank you fc / the time you've taken. You have enlight- 
ened us greatly. 

Mr. Boucher. We will welcome now our second panel of wit- 
nesses: From the National Science Foundation, the Assistant Direc- 
tor for Engineering, Dr. Joseph Bordogna; Dr. James Solberg, Di- 
rector of Engineering Research Center for Intelligent Manufactur- 
ing Systems at Purdue University; and Dr. Alice M. Agogino, the 
Associate Director for Curricula Reform of the National Engineer- 
ing Education Coalition and Associate Professor of Mechanical En- 
gineering at the University of California at Berkeley. 

We would welcome our witnesses this morning. And, without ob- 
jection, we will make your prepared written statements a part of 
the record and would welcome your oral summaries. 

And, Dr. Bordogna — did I pronounce that correctly? 

Dr. Bordogna. Bordogna. 

Mr. Boucher. Bordogna. We'll be pleased to begin with you, sir. 

STATEMENT OF DR, JOSEPH BORDOGNA, ASSISTANT DIRECTOR 
FOR ENGINEERING, NATIONAL SCIENCE FOUNDATION, WASH- 
INGTON, DC; DR. JAMES J. SOLBERG, DIRECTOR, ENGINEERING 
RESEARCH CENTER FOR INTELLIGENT MANUFACTURING SYS- 
TEMS, PURDUE UNIVERSITY, WEST LAFAYETTE, IN; DR ALICE 
M. AGOGINO, ASSOCIATE DIRECTOR FOR CURRICULA REFORM, 
NATIONAL ENGINEERING EDUCATION COALITION AND ASSOCI- 
ATE PROFESSOR OF MECHANICAL ENGINEERING, UNIVERSITY 
OF CALIFORNIA AT BERKELEY 

Dr. Bordogna. Thank you. Chairman Boucher, Mr. Packard, 
members of the subcommittee: Thank you very much for the oppor- 
tunity to testify on the efforts of the National Science Foundation 
in design and manufacturing education and research. Before begin- 
ning Fd like to offer on the basis of the comments I heard from the 
previous panel that the written statement includes a specific list of 
enhanced efforts to support improved design and engineering sys- 
tems for the fiscal year 93 budget, the so-called $25 million addi- 
tion. 

Let me briefly summarize the thoughts in the written statement 
now. I want to begin by describing a vision for manufacturing that 
is the focus for the planning at NSF and indeed that of many other 
related Federal agencies as well. And this vision is being forged out 
oT intelligent and farsighted reports and studies such — for example, 
the NRC's "Competitive Edge." Its separate components, as dis- 
cussed by Mr. Markovits in the previous panel, are presently under 
development on factory floors, at universities and colleges, and in 
government labs. The challenge is to integrate these efforts for the 
national good. 
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Spurred by the global economy, the rapid development of ena- 
bling technologies and the advent of a high performance national 
information infrastructure— the so-called National Research and 
Education Network is a piece of that— manufacturing is moving 
toward a new paradigm where both the enhancement of physical 
power from the Industrial Revolution and now the enhancement of 
intellectual power from the Computer Age are synergized and con- 
currently coupled to production, resulting in so-called lean, agile, 
intelligent and fitdaptive manufacturing enterprises capable of re- 
spondmg quickly to the demand for high quality, highly customized 
products at lowest possible cost. 

I want to add here, I used four words: lean., agile, intelligent and 
adaptive. These words tend to surface now and then. They all 
pretty much mean the same thing, and I want to emphasize we 
shouldn't get tied into any one word to describe the overall effort. 

These highly competitive enterprises will incorporate productive 
systems that support more rapid product development, shorter pro- 
duction life cycles, and increased flexibility and efficiency in the in- 
tegration of machinery materials and human resources. They will 
incorporate integrated methods for des^, production and quality 
control based on new knowledge and technologies, and they will be 
responsive to social and environmental concerns. 

'niese enterprises will compete in their capability to react quick- 
ly to opportunities for creating shared wealth and to capitalize on a 
climate of perpetual change and uncertainty. To rapidly develop 
and introduce salable products at an. increasingly faster pace, the 
design process will be linked closely with marketing and sales at 
the output end to know what customized features are desired, and 
at the discovery end with research and development to capitalize 
on the Nation's extensive science and technologies base. 

The new manufacturing enterprises will utilize intelligent manu- 
facturing processes that optimize outputs of the use of sophisticated 
sensor systems and closed loop feedback control. As an example, on 
a computer numerically controlled lathe tool wear will be sensed as 
the part is processed, out the system can compensate for the wear 
that continuously results, thereby permitting tighter tolerances 
and fewer rejects. This was not possible previously without the 
advent of good computer software and sensing techniques. 

In a globed economy, competitive success will accrue to compF- 
nies that can absorb and apply new innovations quickly, no matter 
where those innovations originated and no matter the size of the 
company. To build this capacity to respond, innovative couplings 
between universities, industries and government laboratories must 
be fostered to exploit new discoveries. For example, effective net- 
works must be developed that link multi-level manufacturing ex- 
pertise with the skilled factory floor work force and the engineers 
who design, innovate and make things work. 

At the discovery end, university researchers who push the limits 
of process understanding will do in close association with industry 
in order to focus research agendas on salient wealth creation ac- 
tivities. Government laboratories must work hand in hand with in- 
dustries and trade associations to develop and improve process 
technology. 
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As this new production world emerges, the skill base of the na- 
tional work force becomes a dominant comparative advantage. En- 
hancing the capabilities of workers to make decisions, convert ideas 
into designs and products, and receive and implement new technol- 
ogies developed through research is the true giand challenge for 
our Nation. Meeting this challenge requires creating a complex in- 
frastructure that enhances the thinking and infoxmation-handling 
capabilities of the Nation's work force. Indeed, manufacturing must 
come to be viewed as a national asset, and jobs and careers in man- 
ufacturing must be highly r^arded. 

NSF already has many of the essential elements in place that 
underlie innovation in design and manufacturing systems and 
could catalyze efforts to foster development and deployment of the 
enabling technologies, systems integiation knowledge and human 
resources required to effect a timely shift toward more effective 
production systems. 

In fiscal year 1993 NSF requested $104.5 million for advanced 
manufactunng research, an increase of $25 million over the fiscal 
1992 base of $79.5 million. Within this base, NSF supports a broad 
array of fundamental research, enabling teclmologies and educa- 
tional activities involving a wide variety of partnerships among 
academe, industry, the States and other Federal agencies. Let me 
give you some examples. 

Within the Engineering Directorate, about 20 university-based 
centers are supported that focus on various aspects of design and 
manufacturing technologies. For example, the Purdue Engineering 
Research Center on Intelligent Manufacturing Systems is making 
important advances in technology to int^ate design, process and 
quality control in a computer intimated manufacturing ^tem for 
quick turnaround, small^piece processing. Tlie ERC for Net Shape 
Manufacturing at Ohio State University focuses on high perform- 
ance programmable process control technologies to optimize the 
processes underlying our manufacturing industries overall. 

Within the Computer and Information Science and Engineering 
Directorate research is supported in the high performance comput- 
ing and communications, hardware and software computing tech- 
nologies, integrated microelectronic systems, graphics and visual- 
ization, databases, automation, and machine intelligence. 

The new Social, Behavioral and Economic Sciences Directorate at 
NSF focuses on the human dimensions of manufacturing, such as 
examining the ways that individuals function within manufactur- 
ing systems and the impacts of different ox^anizational and man- 
agement structures on manufacturing systems. And I would offer 
here that the person who has been appointed to lead this new di- 
rectorate is a sociologist who has done research on the human di- 
mension in manufacturing, and that was a purposeful recruiting 
aim. 

In fiscal year 1993 NSF will build on this existing base of sup- 
port, focusing on the development and integration of the various 
elements needed to support improved manufacturing systems. NSF 
activity will complement related activities at DOD, NASA and 
NIST. 

Last month, the White House announced that the Federal Co- 
ordinating Council for Science, Engineering, and Technology 
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(FCX3SET) will be developing a coordinated interagency research 
and development initiative in manufacturing. This effort will seek 
to leverage the worldKJlass technol(^cal capabilities of the Nation 
to address the manufacturing needs of a broad sweep of industrial 
sectors. This is a timely and vital activity, for real success will only 
be achieved by teaming the top talent and best resources of govern-^ 
ment, industry and academe working together effectively. 

In the end the test will be our ability to integrate an enabling 
work force with enabling technol<^es and an enablmg mformation 
structure to manufacture products and systems which are increas- 
ingly salable throughout the world. A corollary asset will be fresh 
models for adaptive management and organization. And, in fact, 
part of the NSF fiscal 1993 budget is a new management of tech- 
nology program closely integrated with this manufacturing mitia- 
tive 

Mr. Chairman, that concludes my testimony. Til be happy to 
answer questions when we get to that. 
[The prepared statement of Dr. Bordogna follows: J 
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tachnoiogiaa kayad to ragtonal aoonomte davalopmam atra»glaa. with tachnotow 
Innovaton and dapto<mant,ooupladwllhworkaroduoatlonAniningaa major goala. 
Thaaa raglonal Iboi wMi pnmota a 'cuitura' of oondnuoua eraaUvlty and Innovation, and 
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wUl bd <suppoftsd by coooerativt iinkagit with indym^i 8tAt« tnd Morii 
gov«rnfMntt« and trttio attodations. 

As tha agile production world amergas* ttia skiil baaa of tha national wortcfonca 
baoorTHiatha dominant oompamttvaadv«mao«« Enhanoing tha oapabUitiaa of worka^a 
to rnaku dadaiona, convert idaaa into daalgna, and racaiva «nd Implamant new 
tachnotoglaa davaiopcid through raaaaroh la tha tnie "grand chatiange" for our nation. 
Meeting thia chaliengti requirea oraating a oocnpiax infraatruolura that anhanoea tha 
thlnidng and Informatian handling oapaUlltiae of the natien'a worMoroa. 

The induaiM beee muat be able to uae new oonipulei^ooiivwniosMone^MMd 
teohnologiee, employ itatlatloal <Mittyoontra(, maiiaoe Juet-kMime kiventorfee, and 
opema tadbte manutaoturing ayatema. TodotMefecjuireatNitayeflBgewortwm 
acquire levela of education and aWI that they have not had to have in the paat 
AHianoce mmt develop between induitry and academe to identify and deploy th^ 
ofticai l<nowMge and aldKa required for agile manufaoturing. New teohnologlea muat 
be ham aeeed to deliver thia icnowiedge, euch aa uaing televiaion and computa^ 
oommunicaiion linfca t) induatiM aitaa and conununlty oottegee to provide aeminam 
andwoilcihopaakiila. 

In the fijtura induatrtal antefprttei technicaHycrferrted pfofeeelonaia muat be able to 
quicMy abaoit and Integrate new Knowledge Into the deeign, production and 
management pfooeea. Education must empower and enable themtoeaaume 
atronger leadeiehip idee* CurrenHyt manufacturf ng la of low profVe f ntereat at many 
untvaieitlae andteohnioal oollegee. Many adenoe and engineering (aoAy have had 
little experience in ho^v thinga are made. Tliia muat be remedM by changing the 
culture of eoademe to value the integration and eyntheala of Knowledge ea highly aa la 
dfacovary. In the futurt* manufacturing muat coma to be viewed ea a national aseet 
and careen in manutiicturing must be highly regarded. 

What ti0 iMwmt 3^:hno0 FduntMon oan da 

HBF aiieady has many of the isas nti ai aiementa In place that underiie Innovation in 
deaign ind manufteairing ayatenna, and ooukl catalyze effbrta to foater the 
development and deployment of the enabling technologlee. ayatama integration 
knowletige and human maouicea raqulrad to effed the timely ehfft In pamdigm toward 
agile and lean pfMJuction syatems; 

NSFa long-tenn strategy ia to catalyze development and deployment of the enabling 
technoisgiee and ayatama Integration Knowledge and to addrsaaproblemanlatad to 
the effiodve uae of human raaouroae. Thia atratagy biMs on baaie rsaearoh and 

initiativos in education and human reaouicea, advanced materiala and prxeaslng, 
advancid manufacturing, menaganient adence. and hfgh-performance computing and 



3 



87 



/ 



71 



communic«tion«. TTk. pian Is to: d ) support tht 9Ci*mlflc f^lfj}"*^^*" 
odvanctd mwiufwturlng; (2) imonet with tfto cultuw «nd comtxt of umvtisity 

for curriculum and lafcoratoriM mOTtUil to mMdng tht hum«n fwwu^^ 

mtnufactutino. and W ~T«pl« indu«tiy ««h jK«rtm« In o^^ 

and d«i*jy human taitnt and technolooy. NSF activity complamtma raiatad acuvHUa 

at OOC, NASA, and NIST. 

in FY ^m,itaitmimmi$t0^timo^ 



auooona a bread anay of fundanwnial raaaareh. •«»*«not«chnotogiai^and 
^;^^fw> n>«ni^ immhrina « wkk. varity o( pwtnaiihlpt among acadamt, 
K?ttirt5r««Sfidaral«0«»d«.. 8«xh .tto* Indu* baato 
iSh tha tachnlcal baaa and tha mora foouaad FCCSET InWatlvaa on 

advanetd matariala and preeaaaino, aducation and human ruouret*. and 
hlflh-parformanoa computino and communloationa. 

WMMn fta Enalnaarifls Ohactorata (ENQ). about 20 unh/arilty^aaad oam«m ara 
Tinportad HnboopanSon with induatiy) that fooua on varkwa of daa^n and 

(ERC) on IntaWMit Manufacturing Sy«ama ia maWng Important adwa^ioaa m 
tachnbbgy tohSorata daatQn. proeaaUng, and o^fSfJ^^^u^ 
oomoutarMaoiatad nianufaoturing ayitam for qiiiok-«imareund amall-batcii 

SrwTpSrtemianea oregrammabla P«>«»«;«m«t S*!:^^^;^^"^ 
p«oaa»aaundarty(ngourmanufactunnglnduatrfaa. THart ia a Sttjagto 
Manuf8ctuifnalnltlatl«aforaupportotflroupi«aaarE*>(currantlyw^ 
oaitid&ition): RaiatailroaaarahlaaupportadonnMrajfacturingandproM^ 
t^iSgiaa aimad at tha micfoa(artmn|»j9hotoni^ 
and on tha daaign of intalHoam control ayattma. In addnon, ENQ ooordinataa tna 
Smaa Eiu*i3w«Btlon Raaaarch (SBIR) profliam. whteh anoouraoaa flmia to 
tSmm^bTrrSMm tachnotogy- m FY 1«91. SBIR manuia«uring granta 
totalad about S&SmiUon. 

Ttia Compgiar and Womiadon SeJanea and EngmwKtag (CI8E) Dlraotomtrt 
manufacturing-raiatad rwaaroh foeuataon •"l^n^J^S'!^ 
taehnolsgiaa ttial auppoit dWrtbutad dartgn and InMNgant 
tyatarn^ iaauaa that ariaa in undaratandlng. hiodaNoa. and intagraiing tha 

wmponant m«nu»««urtno t«!hnotoQlM 

tha oompunno and nat«»0fW«g iafta8tiuo«!» and aatvtoaa nacaaaacs^ maKa 
diatitbutad manulaaturing a rM*ty. Tha CISE baaa auppotta raaaaroh in 
high-parfwmanoa eonputing and communloationa tachnologiaa, hardware and 
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software computing tiichnologlw. int9fl«tKl mlcfotltctronic «yit«mi, gmphlcs and 
visualUatiwn, databatot. automation, macftlna intaliiganca, and othtr anawino 
tachnoioaiea, and tha appucatton of Infomnatlon sdanca and tacttnoiogy to 
manufiSuring. CISE. DARPA, and MANTECH ara aupportno a national daaign atu^iy 
on iK^iinoad mangf»miring tachnologlaa ano ayatama. A wortci^op on ]nJomMttion 
TaohncJogy and Mamifacturing in May 1992 pnovidaa a platform for ttia FY 1993 
initlativ-i In thia area. 

Tha naw Sodal. Balnivioral and Economio Sdaneaa (SB6) DIraototita foeuaaa on 
human dhnanatam 



dmamntoiywi«a<ionaiand m anioamai»atni^^ tlai^ 
alao axamining modala and algortthmafor daaignino and frftnapirj pioduQilen 
prooaaaaa. ami dftat^mdaciaion-auppott ayatama and mlatadiniormaa^^ 
tactinologlaa ttwii affact managamant of prndudion prooaaaaa. Many prpjacta are 
baing fjndad ooUatMiatlvaly t)y privata flrnia through a apodal ioint prtvata-aactor 
(nitlativi. 

Tha Miithamatio^ and Phyaioal Sdancaa (MPS) Diraotorata la axpioring dynemlo 
modala of matariala propaniaa and t>ahavior to provMa raatiatto aim^ 
parfomianoa in production prooaaaaa; and ia alao uaing avoMng mathamatlcal 
tachnlcuaa. audi aa mochartto modaling. and ataaatW 
oomrol phyakaii mamifactuilng prooaaaaa. 

Thara are ak» a mmtm of Sdanca and Tachnology Cantare (STCa) that advanca 
manufiiotuffnotaohnology. Support la alao piwWad for adwaillon and hur^ 
raaouRsaa, auoh aa adJdant faHowahipa and trainaaaMpa; lour larga univariity ooaUtlona 
almad at anginaaring aducation raform; raaaareh axpariancaa for undargracbata 
atudama: axpandad piarticipBtion of woman and minoritiaa; and laboratory davalopmant 
projacti. Thare ara aao Enginaarlng Faculty Intamahipa to furthar ancouraga faculty to 
conduct raaaareh within an induatriat sotting. 

Th0Ff199S effort 

In FY ' 993. NSF wM build on thla axiating baaa of auppoit foouaing on tha 
davalasmam and intfigration of tha varioua aiamanta naadad to aupport Slat Cantury 
manufnoturtng ayatama. Thaaa Induda: 

• IntaWgam manufacturing prooaaaaa that optimlza outputa through tha uaa o! 
•opiMcatad iianaor ayaiama and doaad^oop faadback oomrola. 

• Now tachnolo(|lea for IntaMigant manufacturing and thalr Intagration into 
complata ayatiMna. 
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=^apid prototyp ng of parts ana products through tha us« of CAD tools and 
labncation tacTiniquas. 

CAD/CAM tool! and jntagratod ayatams for daaign, anaiyaia and simulation of 
jTianufacturing pnocaaaaa and products that can ba uaad throughout tha antlrt 
product llfacycie. 

Naw ayatams for dlatrtbutad daalgn and manufacturing and ways to link 
l>rocaaaaa via imagratad software and hardwm and tha davak^ of tha 
mm aaa ff imartMaa, atandart^ natawtica^.and rt a i a h aaai / 

ivlodafa for dlatriOutad mtnufictuilno tyittmt tnd Irttgfrtig tha Informatfonal 
.ind ph^ioal ftipacta of adwioad manufMuring. 

i\«cfofabricatlO]itaohniquaaandmathodo<ogiaatopamiit^^ - 
production of microatactronia al^ctromtchanioai, and intagnatad 
microaiactrioalinachanioai davteaa and produda. 

iHnyironmantaily banign pnxmnaa that minimiza any potantiai nagattva imp«c9 
on tha anvironiirant. 

* Tachniquaa for tha managtmant of naw tachnoiogy. 

In tha long run, tha gtMl of tWa FY 1$93 Inttgmtad InWatfva ia to davatop tha 
capability to modal and integrala tha oompiata product fifa^a from OMtomar 
Intaraodon and pnxiu:9toonoaption to final produadattvary and dfatriM coupUng 
tachnoiogy lo managurM and aoonomlo raquiramanta. and inoorporatlng auch 
practiona aa total quality managamant concurrant anginaaring, and intagnatad 
logiatio). 

In tha ohort wn, tha vitality of U.S. manufacturing win dapand on: (1) auocaaafuliy 
inooipcrating axtam tJid atata^^tha^t taohnok^giaa and baat angina 
managamampraoiioaalnloinduatrialanlafpriaaa;and(2) improving work foroa 
aducaiion and training. Inctudhig applying tha lafciitaducMtonaltaohnok^ 
natwork axlating daalgn and manufacturing raaaanoh contaia to othar affofts foe «ad 
on aduoatioA ratorni andtachnology tmnafar. auch «i tha NIST Manufacturing 
Tachnc4ogy Cantari, and tha 8taia IndualryAlnlvafally Coeparattva n aaa aict t Cantara. 
Thaia iim aiao plana to aaWbHih addKtonal Induatn^ 
oamartfocuaad on advanoad manufaoturing kayad to aoonomlo davalopmant 
atratagiaa for aiatoa, <Mth tachnology tranafar and wocktr aducadon and training aa 

fllWjOr prOytVn OOinpOIWml. 

In condiulon, lat m* •mphniza that th« nation mutt rtdttoovtr tnd dtdictte Hatif to 
the dtvalopnitnt of niinufr<eturing ttchnologlM. bM«d upon tht rttlHit* o( tha globtl 
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m«rkat. A national effort muat ba aractad to davatop the infrtttnictura raqulramama 
for $QU manufacturtnQ. Last month tha Whita Houaa announoad that tha Fadaml 
CoonMrtating Counoil for Sdanoa, Enginaarino, and Tachnotogy (FCCSET) will 
davaioping a ooordlniitad intaraganoy faaaatch and d avatopmant inltfattva In 
manufacturing. Thia aflbrt wiy aaak to tavaraga ttia worid^taa tachnologiQai 
capafaHitfaa of tha Uniiad Stataa to addraaa tha manufaoMng naada of a broad awaap 
of tnduatriai aactort. ThIa la a timaty and vitai aotMty, for raal auocaaa onfy ba 
ach(av«d by taaming tha top talant and baat raaourcaa of govammant, Induatry and 
aoadatnat tMrtdng logaitiaraflaGttvaly* 



hart bafora you today. IwWbahappytoanawaranyquaatfonathaty^uoryou 
ooMaag u aa may hav. 
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Mr. Boucher. Thank you, Dr. Bordogna. 
Dr SolbGrg? 

Dr SoLBERG. Good morning, Mr. Chairman, members of the sub- 
committee. Thank you for the opportunity to appear before you 

*°lYring a hopeful message. Over the past 7 years, I have seen a 
transformation at my university driven by the ERG program. 
Before the ERG, we were like most universities still are, very indi- 
vidualistic, fairly remote from industry, lacking any real cross-dis- 
ciplinary integration, and educating our students as narrow spe- 
cialists with strong analytical skills but little emphasis on design. 
The ERG has changed that. We are now educating students to work 
in teams with people from other disciplines. We conduct our re- 
search with the direct participation of industry. We are carrying 
out a long range strategic plan. r — 

The way we do research is different, and the nature of the re;- 
search is different. The way we do the education of students js djl- 
ferent, and the character of that education is different. And the 
way we work with industry is different. , mu 

The reward system has been permanently changed, lhats some- 
thing we may want to discuss further. , , ^ j u • 

I think the best thing we have done is to get the best and bright- 
est students to see manufacturing as an appe^ing career track, l 
know that other ERCs have had simUar experience, and I believe 
we've had success in changing the culture of the university beyond 
the hopes of the architects of the program back in 1984 or 198o. 

There have been a number of independent studies that confirm 
this success by the Government Accounting Office, by the National 
Academy of Engineering and others. To me the most compelling 
evidence comes from a recent study--rm not sure its been re- 
leased yet. It was conducted for the National Science Foundation 
by an independent group from, I beUeve, the University of Wash- 
ington. And what they did was to survey the employers of gradu- 
ates of the program. These employers indicated that the students 
thev had hired were superior in several ways. They were better 
prepared to work in industry. They were better working m cross- 
disciplinary teams, quicker at getting up to speed, they had a 
better sense of the whole system, were better at design, and so 

^°Se single best indicator of their satisfaction was that they 
wanted to have more of these same kind of students. So based on 
that I have three recommendations. . , „ , ^, . , 

There should be more ERCs. It was originally, I think, an experi- 
ment. We now have enough evidence to conclude the experiment 
was successful, so I think the number of ERCs should be increased. 
Not that they are the only way to succeed, of course, but this is one 
method that works. , . j j ui 

Secondly, the existing ERG should be sustain^ and possibly ex- 
panded. You know, we have an unfortunate tendency in this coun- 
try to want to plow new ground rather than harvest the orchards 
that were planted sever J years ago. That's one of the ways we 
differ from the Japanese and other competitors that were atten- 
tive to. So I'm just reminding you that this— when we fmd some- 
thing that works we should try to exploit it. 
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Third, and this is a different issue. We need to be more proactive 
in involving underrepresented groups in engineering. Particularly, 
women and minorities are going to be needed as part of the work 
force, the technical work force in engineering and they have his- 
torically been underrepresented, as you know. The ERCs are taking 
this issue as part of their mission, particularly over the last 2 or 3 
years. The National Science Foundation has created some new ini- 
tiative in this area. Probably more could be done. 

Again, thank you for this opportunity to speak, and I'd be happy 
to answer questions. 

[The prepared statement of Dr. Solberg follows:] 
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May 12, 1992 



Testimony of Prof. James J. Solbcrg 
Director Engineering Research Center for Intelligent Manufacmring Systems 
Purdue University, West Lafayette, Indiana 

Before the Subcomimttee on Science, 
Committee on Science, Space and Technology 
U. S. House of Representatives 



Mr. Chainnan and members of the committee: 

Thank you for the opportunity to appear before you today. I am the Director of 
the Engineering Research Center for InteUigent Manufacmring Systems at Purdue 
University, one of the ERCs estabUshed by the National Science Foundation starting in 
1985. The ERC program was designed specifically to help American industry become 
more competitive by addressing a number of perceived weaknesses in the infrastructure 
that supports innovation. These weaknesses included such factors as the narrowness of 
technical disciplines, the gap between universities and industry, an inadequate emphaivis 
on design, and the lack of attention to "systems" issues in our engineering education 
systeM. 

At the time the program began, the ERCs represented an experiment to determine 
whether radical new approaches to engineering education and research could really take 
hold in universities, which, like most of our large institutions, tend to resist innovation. I 
can now report that the experiment was a success. In fact, the ERCs have accomplished 
more in less time and with less money than any of the people who created the concept 
expected. This fact has been confirmed by a number of independent studies. 

One very recent study surveyed the employers of graduates of several of the 
ERCs, including our own. The employers indicated that these students had been bcner 
prepared in several important ways for working in industry than the usual engineering 
students. Perhaps the best indicator of success was that most of the respondents were 
eager to hire more of the students graduating from these ERCs. 

A profound change, which some have caUed a "change of culture," has occurred 
at those universities where ERCs arc located. It would be better to call it an enrichment 
of the culture, because we are really adding to the strengths of our traditional approaches 
to research and education, which are still the envy of the world. Regardless of how the 
transformation is labeled, the ERQ have cultivated an evolution to a new academic 
research environment in which the disciplines work together to tackle the larger scale and 
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more technically diverse problems thai occur in advanced technology today. The faculty 
are also working much noore closely with partners in industry, which provides direct and 
indirect benefits to both sides. The smooth transition of research results from the 
university laboratories into industrial use, the awareness of the real needs of industry on 
the pan of the researchers, and the educational process itself are all better served by this 
new environment 

The research carried out under the ERC is ill cross-disciplinary, and is oriented 
toward the specific needs of industry. Some fifty companies have collaborated in our 
center. In addition to leveraging the funding from the National Science Foundation for 
highly cost effective financing of research, the facilities, expertise, and guidance provided 
by industry enable the ERC to attack large scale, realistic problems that could not 
otherwise be addressed in a university. The experience provided to students in dealing 
with the "real** problenns is invaluable in preparing them to assist in the competitiveness 
challenge faced by American industry. 

Examples of the technological advances include a Quick Turnaround Cell for 
rapid production of one-of-a-kind machined parts, a high-level computer modeling 
system to support product design and analysis, prcxxss models for improved control of 
several types of manufacturing processes, and basic theory and methodology for planning 
and control of assembly operations. All of the projects follow a ten year strategic plan 
leading to an integrated demonstration of the worid's first Intelligent Manufacturing 
System by 1995. 

Along with noany technical advances, the ERC research has provided new 
^proaches to product design, lo ounufacniring process control, and to system 
integration. The pace and quality of technology transfer have been improved by the 
unique nKchanisms for interaction between the university and industry. Ihc ERC has 
permanently changed the culture of the university, and also pronaoied changes in industry 
that encourage innovation for competitiveness. Finally, none of this would have 
happened without the ERC, or some similar kind of organization. 

So what of the funne? The coverage of the existing centeis, from either a 
technical view or the number of companies arKi universities influenced, is still quite 
small. In order to have a large induct upon die nation*s industrial practices and the 
educational pipeline, there should be more such centers. The evidence that they work is 
substantial, and the models for how to do it are available. 

Secondly, we need to sustain and expand the effort at existing ERCs. Many of the 
existing centers have developed new concepts in their laboratories which are ready for the 
next stage in development, which we might call "functional prototyping." These 
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functional prototypes would be working version of the new technical concepts. They 
would provide private industry with a proof of the viabiUty of new concepts developed in 
the universities, and thereby provide a rational basis for a business decision to develop or 
adopt the new technology. These functional prototypes could go a lotog way toward 
fiUing the gap between what universities can do in their laboratories and what private 
industry can do based upon profit incentives. 

Third, we need to broaden our educational programs. In particular, we need to 
make a serious effort to bring more women and minorities into the mainstream of 
engineering. Ar you no doubt know, these groups have a disproportionately low 
representation in the profession, but we arc trying to change that The factory worker of 
the future, as much as in every other sector of our economy, must possess marketable 
skills to remain employable, and the standards for these skills arc rising. Our country 
must not fail to develop the full technical capabilities of aU of our young people. 

In closing. I would like to emphasize again that our most important product is our 
• students. We in the universities have the opportunity to influence bright young people at 
the time they arc choosing their careers. It is a time in their lives which is of great 
importance not only to them as individuals, but to the nation. I hope we can inspire them 
to turn their talents to productive goals, to prepare them to help American industry 
maintain its competitive edge, and to stimulate them to continue that thrust throughout 
their Uves. I cannot think of anything more vital to the long term security of America than 
this. 
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As Director of the Engineering Research Center for IntelUgent Manufacturing 
Systems since its formation in 1985. Dr. Solberg has managed a cross-disciplinary 
program in research, education, and technology transfer involving some forty professors 
and 200 students annually. 
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Mr. Boucher. Thank you, Dr. Solberg. 

Dr. Agogino, we have already introduced you. We welcome you 
this morning. And your written statement will be made a part of 
the record. We would welcome your oral summary. 

Dr. Agogino. Thank you, Mr. Chairman, and members of the 
subcommittee, for the opportunity to testify before this panel. 

The Synthesis Ck)alition is comprised of the following eight edu- 
cational institutions: California Polytechnic State University at 
San Luis Obispo, Cornell, Hampton, Iowa State, Southern, Stan- 
ford, and Tuskegee Universities, and the University of California — 
Berkeley, from where I come. We represent diversity in geographi- 
cal locations as well as variety in size, mission and institutional 
types. 

The patterns of current engineering culture in industry reflect 
those of our educational institutions. We as educators have an op- 
portunity to change that culture of engineering education which in 
turn will filter into the industrial environment. Several recent 
studies from the National Research Council, of which you've been 
summarized this morning, predict that not only do industrial and 
academic institutions need to restructure to meet today's competi- 
tive pressures, but the engineer of the next century will need a 
much broader range of skills. 

The goals of the Synthesis Coalition are to develop an infrastruc- 
ture and blueprints for model programs that will (1) systematically 
restructure our undergraduate curricula to meet the needs and 
competitive pressures of the 21st century and (2) substantially in- 
crease the number of underrepresented minorities and women in 
the undergraduate engineering programs and our graduate school 
pipeline. As a coalition with a shared vision and diverse, yet com- 

glementary, strengths, we will be able to attain levels not possible 
y funding individual researchers, and we have structured our ef- 
forts and goals such that the NSF funds have provided substantial 
leverage for additional industrial funds, institutional matches and 
collaboration. 

Our strategy for curricula reform is directed towards solving 
nine very specific problem areas. I will focus my testimony on 
those that are related to integrated design and manufacturing edu- 
cation. 

Our students today are not exposed to enough synthesis and 
open-ended problem solving. Our curricula tends to be compart- 
mentalized without enough interdisciplinary content. Students' 
progress through our curricula are disjointed and poorly integrat- 
ed. There is little concurrent engineering and life-cycle design sjnnt- 
thesis taught. Concurrent application of multiple disciplines 
through the product realization cycle requires team design experi- 
ences which are largely absent from the curricula today. 

Not enough exemplary industrial design practice and experience 
are embedded in the curriculum. In particular, as recommended in 
the NRC report on improving engineering design, there is a need to 
communicate successful or design practices from industry. 

The consequences of these problems in the engineering curricu- 
lum today are that the production of engineering graduates that 
are skilled at disciplinary analysis. We do do that well. But they 
lack skills in synthesis, inter- and multi-disciplinary problem solv- 
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ing, concurrent engineering, teamwork and communication. Not 
only are we producing engineering graduates that are narrowly fo- 
cused and not prepared for the competitive pressures in industry 
today. We are also systematically losing those very students that 
could provide leadership in business and public policy. 

In addition, we are not exploiting the diversity and strength of 
our Nation's huriian resources. The engineering graduates we 
produce do not reflect the ethnic diversity of the U.S. population. 
The appalling lack of female representation in the engineering 
ranks transmits the perception to our young women that the field 
of engineering is not open to them, and thus they do not apply to 
our engineering programs. 

I believe the U.S. should exploit this diversity and use it as an 
asset, not a liability. If large portions of our population are disen- 
franchised to this Nation's technical leadership and development, 
our race relations will only continue to suffer and we will not have 
met the broader needs of our multicultural Nation. Our ability to 
compete in an international marketplace requires utilizing the 
broad range of talent that exists in our population. Plus it is appro- 
priate that the engineering pipeline should be a high priority in 
the Coalition's strategic plan. 

Our vision of an integrated curriculum is one in which the sepa- 
rate curricula pieces will be woven into an engineering tapestry to 
provide breadth while maintaining a commitment to engineering 
fundamentals. In particular, it is our view that design and manu- 
facturing education should not be separated subjects, but part of an 
integrated whole within a broader societal context. Sensitivity to 
market issues, environmental concerns, and quality design and 
manufacture of engineered products require a change and a mind- 
set that cannot be taught in a single course. One does not provide a 
catalyst for cultural change by means of a single course. These con- 
cept? must be woven throughout the curriculum, starting at the 
freshman level and preparing students for a career of lifelong 
learning. 

In conclusion, I believe that the NSF Undergraduate Engineer- 
ing Program is a creative and promising solution to many of the 
problems that I have outlined. It couples predominately undergrad- 
uate institutions with major research universities. It has allowed 
us an opportunity to work with Historical Black Colleges in setting 
curricular strategies that are implementable to a wide range of in- 
stitutional settings and to tackle critical humnn resource problems. 

Going beyond the goal of effecting small level changes at a par- 
ticular institution, the Coalition program has the potential for 
making broad-ranging systematic chanf^es across our Nation's 
system of higher educfition. Engineering .^ucation cannot develop 
in a vacuum, however. Continued support for research and design 
in manufacturing methods and technology is of paramount impor- 
tance. Research and education should be viewed as complementary 
intellectual endeavors. 

That concludes my testimony. Thank you. 

[The prepared statements of Dr. Agogino and Mr. DeZutter 
follow:] 
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Mr. Chairman and Members of the Subcommittee: 

Thank you for the opportunity to testify on Manufacturing Education and the 
programs of Synthesis: an Undergraduate Engineering Education Coalition, 
partially funded by the National Sdence Foundation. 

1 will focus my testimony on three issues: What we teach, ft o a; we teach and wh^ 
we teach. 

OVERVIEW OF THE GOALS OF SYNTHESIS 

The Synthesis Coalition, supported by the National Sdence Foundation and 
industrial partners, is comprised of the following eight edu^-:ational institutions: 
Caliiomia Polytechnic State University at San Luis Obispo, Cornell, Hampton, Iowa 
State, Southern, Stanford, and TUskegee Universities, and the University of 
Californ:a at Berkeley. We represent diversity in geographical locations as well as 
variety in size, mission and institutional type. The focus of all our Coalition 
projects is on synthesis; a blend and fusion of new curricular strategies designed to 
create a new breed of engineer, who is skilled at multidisciplinary open-ended 
problem solving and design within the context of broader societal factors. 

The patterns of current engineering culture in industry reflect those of our 
educational institutions. We as educators have an opportunity to change the 
culture of engineering education which will in turn filler into the industrial 
environment. Several recent studies have shown that not only do industrial and 
academic institutions need to restructure to meet today's competitive pressures, but 
that the engineer of the next century will need even more skills [1-3]. These 
engineers "will need to play a broader, overarching role described variously as a 
general ist, a system engineer, one combining technical competence and social- 
political-financial competence" [1]. "What modem manufacturing needs a.;:* is not 
getting are master technicians and Renaissance engineers. Instruction . . . should 
emphasize the application of new ways to improve quality and productivity, such as 
techniques for robust design, quality programs, production control mechanisms, 
and new accounting systems . . . [2]. " .. design must be distributed throughout the 
engineering curriculum, beginning with introductory design courses, which serve 
the dual purpose of introducing the design process and demonstrating the relevance 
of the engineering courses to design, and continuing as a part of more advanced 
engineering courses"[3 ]. 

The goal of the Synthesis Coalition is to develop an infrastructure and 
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blueprints for model programs that will (1) systematically restructure our 
undergraduate curricula to meet the needs and competitive pressures of the twenty- 
first century and (2) substantially increase the number of underrepresented 
minorities and women in undergraduate engineering programs and the graduate 
school pipeline. As a coalition with a shared vision and diverse yet complementary 
strengths we will be able to attain levels not possible by funding individual research 
projects. We have structured our efforts and goals such that the NSF funds will 
provide substantial leverage for additional industrial funds and collaboration. 

The major goals of the Synthesis Coalition in integrating the undergraduate 
engineering curriculum are highlighted below in each of four thrust areas: 



• Curriculum : Develop, test and implement new engineering curricula through 
use of interdisciplinary curricular options, modular materials, now information 
technologies, and horizontal and vertical integration of topics. 

• Su pporting Technologies: Develop and implement the computer-based National 
Engineering Education Delivery System (NEEDS) to archive and provide 
national access to a broad range of curricular materials. NEEDS is an entirely new 
educational delivery system which will provide widespread, rapid, electronic 
access to an almost arbitrarily large number of diverse instructional modules. 
Curricular material in NEEDS will be organized by both disciplinary and 
interdisciplinary indices. Links across disciplines will be provided in the form of 
"curricular paths" through the database. Eventually, NEEDS will be available 
not only to this Coalition but to all engineering schools, both as a library/ database 
and a broad distribution channel for the results of their work in developing new 
concepts, methods, curricula and tools. 

• Pipeline: Recruit and retain to Bachelor's degree more undergraduate students, 
especially women and under-represented minorities through a program of 
intervention, retention, enrichment. 

• Linkag e: Establish strong relationships among institutions with the Coalitions 
and with the wider engineering education community so that the above results 
are quickly disseminated and adopted by other engineering schools. 



CRITICAL PROBLEMS IN ENGINEERING EDUCATION TODAY 

Our strategy for curricular reform is directed towards solving the nine critical 
problem areas identified below. Compartmentalized curricula have contributed to 
many of these critical problems, as they hinder the development of open-ended 
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problem solving skills required to perform multi- and inter-disciplinary synthesis. 
As shown in the schematic of the typical curriculum path in Fig, 1, the student's 
progress through this compartmentalized curricula is disjointed and poorly 
integrated. 

1. Synthesis. Students are not exposed to enough synthesis and open-ended 
problem solving experiences. We teach too much content and not enough 
process. 

2. Interdisc-ylinary Content: Curricula tends to be compartmentalized without 
enough inter- and multi-disciplinary content. Students progress through our 
curricula is disjointed and poorly integrated. 

3. Delivery Styles: Delivery styles are outdated and do not effectively utilize 
modern information technologies. Learning style differences and cultural/ethnic 
diversity are not uniformly considered in the classroom. 

4. Concurrent Engineering. There is little concurrent engineering and life cycle 
design synthesis taught. Concurrent application of multiple disciplines through 
the product realization cycle requires team design experience whidi is largely 
absent in curricula today. The concepts of designing for manufacturability and 
quality, meeting market needs, and time to market have been largely absent from 
the education of engineers until very recently. 

5. Industry. Not enough industrial practice and experience are embedded in the 
curriculum. In particular, there is a need to communicate successful or "best" 
design practices from industry in which the firms develop an environment and 
commitment to continuous improvement throughout the product realization 
cycle, which is supported by top management and concurrently integrates life 
cycle aspects of a product, including design and manufacturing [3]. 

6. laboratory I HandS'On. Insufficient hands-on and laboratory experiences are 
offered to undergraduate students. In recent years, this situation has become 
worse rather than better. In recent years, we have witnessed a deterioration in 
our laboratory facilities at the undergraduate level. 

7. Curriculum Turnover: Curriculum turnover is too slow and mechanisms for 
bringing new research and technologies into the undergraduate classroom are 
lacking. Even large research universities, which do a good job at adding the latest 
technology into graduate courses, find it difficult to update their undergraduate 
programs. 

8. Social Context: jodetal factors are neglected in conventional curriculum. The 
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engineer as a decision maker must be able to evaluate and communicate to social 
implications of technology. Another con-^m is the lack of consideration of ethnic 
and cultural diversity. 

9. Communication: Students lack adequate communications skills upon 
graduation. This is perhaps one of the greatest complaints that we hear from 
industries who hire our graduates. 



The consequences of these problems in the engineering curriculum today are the 
production of engineering graduates that are skilled at disciplinary analysis but lack 
skills in synthesis, interdisciplinary problem solving, concurrent engineering, team- 
work and communication. Not only are we producing engineering graduates that 
are narrowly focussed and not prepared for the competitive pressures in industry 
today, we are also systematically losing those very students who could provide 
leadership in business and public policy. In addition, we are not exploiting the 
diversity and strength of our nation's human resources. The engineering graduates 
we produce do not reflect the ethnic diversity of the U.S. population. The appalling 
lack of female representation in the engineering ranki» transmits the perception to 
our young women that the field of engineering is not open to them. 

STRATEGY FOR CURRICUIAR REFORM 

Our strategy for curricular reform is based on dual but complementary 
approaches: syDematic restructuring and modular experiments. Systematic 
curriculum restructuring is the long range goal of multidisciplinary curriculum 
working group, of faculty who evaluate and build on the lessons learned from 
corresponding modular experiments. Broad dasses of these curricular and pipeline 
experiments indude: concurrent courseware, self-paced laboratories, synthesis case 
studies, computer-aided prototyping, research on learning styles, learning centers, 
computer integration, faculty training and international outreach projects. Many of 
these projects have active parudpation from industry and our national laboratories. 

Our vision of an integrated curriculum is one in which the separate curricular 
"pieces" vnW be woven into the engineering tapestry to provide the breadth needed 
for the engineers of the future, while maintaining a commitment to engineering 
fundamentals (Fig. 2). In particular, it is our view that design and manufacturing 
education should not be separated subjects but part of an integrated whole within a 
broader sodetal context. Sensitivity to market issues, environmental concerns, and 
quality design and manufacture of engineered products require a change in mind set 
that can not be taught the second semester of the senior year in a traditional 
capstone design course. One does not provide a catalyst for cultural change by 
means of a single course. These concepts must be woven throughout the 
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curriculum, starling at the freshman level and preparing students for co:itinuing 
lifelong learning process after graduation. 

Although the Synthesis Coalition is working with industry and several of the 
NSF Engineering Research Centers to bring good product realization practices into 
the classroom through a large array of curricular materials, including multimedia 
design case studies, manufacturing courseware and games, role playing exercises, 
rapid prototyping software and integrated engineering enterprise concepts, it is clear 
that the knowledge available is limited. More work is needed at the research level 
to develop improved design and manufacturing methods. 

THE NEED FOR DIVERSITY: WHO WE TEACH 

I would like to end with a few comments concerning who we teach. The early 
part of the nineteenth century gave us an engineering profession that was 
predominately white and male. In the second half of this century, we witnessed an 
increasing percentage of foreign-bom engineers in our undergraduate and graduate 
engineering programs, leaving the female half of our population and an increasing 
percentage of ethnic minorities behind. I believe that the U.S. should exploit its 
diversity and use it as an asset rather than a liability. If large portions of our 
population are disenfranchised to this nation's technical leadership and 
development, our race relations will only further suffer and we will not have met 
Ihe broader needs of our multicultural nation. The Synthesis Coalition has major 
goals in increasing the number of women and ethnic minorities that enter our 
undergraduate programs and continue into graduate schools. In addition to 
improving the content of the curriculum, *.^^e have established a strategy for 
evaluating our programs to take into account diversity in learning styles and 
addressing those asj>€cts that may adversely affect the retention of engineering 
students [6]. 

The question of "who we are teaching" should be an integral part of any 
program aimed at improving design and manufacturing education and should not 
be placed as a secondary issue. How we teach and what we teach should only be 
approached within the context of who we teach. Our ability to compete in the 
international marketplace requires utilizing the broad range of talent in our 
population. Any cultural change in industry and government concerning 
improving the environment for quality engineered products must take the people 
that make up the engineering enterprise and the changing diversity of its make-up 
into account. 

CONCLUDING REMARKS 

In conclusion I believe that the NSF Undergraduate Engineering Program is a 
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creative and promising solution to many of the problems that I have previously 
outlined. It couples predominately undergraduate institutions with major research 
universities. It has allowed the research universities an opportunity to work with 
Historical Black Colleges in setting curricular strategies that are implementable to a 
wide range of institutional settings and to tackle critical human resource issues. 
Going beyond the goal of affecting small local changes at a particular institution, the 
Coalition program has the potential for making broad ranging systematic changes 
across our nation's system of higher education. Improving integrated design and 
manufacturing education should be a primary goal of NSF sponsored programs in 
engineering education, with support from industry, national laboratories and 
government. It is of primary importance that these large scale efforts be supported 
and evaluation procedures be established to verify that these goals are being met. 
Engineering education can not develop in a vacuum, however. Continued support 
for research in design and manufacturing methods and technology is of paramount 
importance. Research and education should be viewed as complementary 
intellectual activities. 



On a personal level, I am an enthusiastic supporter of the NSF Coaltion 
program. I entered into the proposal phase because I and my colleagues believed 
that major structural changes were needed if the United States was to continue to be 
a world leader in the production of engineered products. Each of us knew we could 
not enact lasting change alone. The level of support from industry and our 
educational institutions has greatly exceeded my expectations. At the University of 
California at Berkeley I have wi messed a revolutionary change in the attitude of 
faculty and administration concerning undergraduate education. I have reports of 
the same trend in our sister Coalition schools. In addition to providing resources 
for the programmaiic changes that were specified in our strategic plan, I am 
receiving a surprising level of support from the top levels of my administration, 
including the Chancellor and the President. During this rough period of sharp 
budgec cuts and belt tightening, university matches to Coalition programs have been 
preserved and strengthened. A significant number of top research and teaching 
faculty are engaging in Coalition activities. Educational issues are becoming a major 
factor in the evaluations for promotion, as are affirmative action and outreach 
programs to support K-12 education. Industry has matched the NSF dollars many 
fold and they have become equal parmers in our developmental efforts. I believe 
that these changes would not have happened without the monetary and intellectual 
support of the National Science Foundation and its advisory boards. The NSF funds 
have truly provided unprecedented leverage from industry and within our own 
universities. 
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MK. CHXIWOMr MMSM OW TKS SUBCOMMXTTSB: 

X JIM 01 zmm, X xzkwh or t» XMrmuTxoicAL gowbmkbmt 

MXAYIOMd C0MMIT7XB OV T» tOCXSTY OT WyiUf ACTUJUNG SVGXHIXM. X JUC 
CUKHMMtht WlOXm »Y OIOXTAL IQUXramT COWOMTXON AS XT9 lONIUlK or 
MUnxrACTQUZMO 8TlUkTSaXC FROGMMS WITH TSB QOVSDMMT. X AfffSAlt TODAY 
OK iBHAXir 07 m SOCIXTY or BOMUrACXUlUirG mGIMDM HUICX IC 7LSA8SD 
TO COMOMT OM TBI COIITIMUALl.y XMCMJUXMO MBSS rOK MAMUrACTORIKG 

igtaxAKca azid xoucATZotr. 

THIS WtWC TM 75,000 UMBXHS OT TK» SOCHTY OT MWr/ACTtTRINO 

K»QIKZXM cszitssaTi THX COTX ANMrvxMAMr Or tuxr MKorx^sxorau. 

OKGUaSATIOM. 8X1ICX ITS rOCVDIKG IK IM, TBI flOClZTY KAfl rOa;8XO XT8 
irrORTS OM THX PHOnsazOMAL DXVXLOPXDIT or ITS MttCBM. XT HXCOGMlXia 
THAT COMTIHUXVG XMPMVXNBMT IM TXI ASXXiZTXSf Or TH08X CHAMID WITH 
IOJCXHG TXB PHODUCTS that MOKICA NXI08 I# XBY TO GXMSKATXMQ THX 
KIALTH KBQOIIXD TO DOHCVI OVti. STAVDAIO Or LIVXVG. TKROOGH ITS 
XXTXM8ZVZ 7B0GIU0I Or CCRTXriCATION, COMrXlUPICXS# C0UK8IS, CLIHICS, 
rUBXiICATlOKS, AMD BXTOSITIOMI TKX aOCIXTY HXTIMDS TO XT8 MBMBKM AS 
HBLX. AS OTBBStS XM TO lOHUrACTOIlZlfG rBOTXaaXONr THX LATX8T ADVAMCX8 
IW lOMUrACTtTIUNO TXCHKOLOGIXS AHD VAOCXaSXa. 

A rAHTXcuuat aouHCx or riUDx la thi socixtt's MMrorACTORiMG 

XMGlMXaiailO XDUCATXOH rOOMDATIOtt. XH 1991^ TXB rOUMDATION AXBBDBD 
OMUITS III XXCSS8 or ll.S MXXJ.IOIt TO UBIVBMXTZX8 AMD TXCBMXCAL 
IMSTITUTBa . TXaSB rONDa AM UaSD TO STKOIOTBBM MJOtOrACTUBINQ 
XMOZIIBXIUIIO AMD TBCMNOLOGy ntOOBAKS AT MOBTX AMXAZCAM BCBOOLS . TBX 
•XOMXrXCAMCM OB COHDOCTXMG THia HBAAZMO OM TKZa lARTICDIM aTTBJXCT AT 
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PJMKTXCCLAIl TIMB 18 DiPORTAlIT TO TKB 80CIK<nr AND TO TK09I NBO 
MAKS MMIUTACTUiUMa THIZJl LItS' 8 WOMC. 

agron MOviMa ivto m spicirzca or iii6zn«iiung cumacuLx, faculty 

VMVKLOPWDXT, AND RXSXA|U::h AGSNDA4, Z IWi ZT XH90KSM»T TO SFBflS 80MB 
7ZKI OZ8C098XNG T8B COMTIXT ZN imzCX ALI. Or THXl WJBV TAKX PLACX. ZN 
wAMUAKX or THIS VXAH, THB SOCZXtY'S HOKtlLY MEMtSMKIf KAOAZZMI 
'^KAMUTACTUKZIKS XNOIMIXJIZKQ" CAMUXD AM XXTSKlXVS 81T Or TWIWfX 
AKTZCLSa DKAZ.XHQ WZTB TMX CXALLSN0S9 rACZNG U.S. MAMUTACTUIUCM ON 
INTO THX NEXT OENTUHy AND BlYONO, INTZTX4tD "rtJTOM VIIH; 
MANPTACTOKDia r\CXS THX KZXT HXLLXNIXM*' THX ARTZCLS8 DXAL WZTH GLOIAL 
COMPXTXTZON ANP MANUTACTimzVG MAKAfiXMXNT, IfOIUCFOVCS tBAXNiNO AMD 
SKXLLS, MANUrACTUKXHG MSXARCK AMD DXVXXiOTMCNT , THX MANUFACTOUXNG 
XNTXKPRXSX, AND 9ROD0CTXOH TXCKNOLOGY. 

XACH OF YOU BXCXXVXD A COPY OF THAT PO&LXCATXON AS OVXR 1000 
ADDXTXONAIi KAXLXNG8 KXRX MADE TO U.S. SXNATORS AMD HZP2U;8KNTATlVXa, 
CABXKXT MXHBXRS, JCEAD9 Or FSOEEUa AGXNCZXS, aTATX GOVXRKORS AND 
SSLXCTXD CSOS OF FORTUNX 500 C0KPANZX8. OUX PMSZDBNT, DOUGXiAf JOOTH, 
C0NTXNUS3 TO FXCKXVZ AN KXTXNOXVX AMOUS^ OF COMX8rOMDXNCX FHOK THOSS 
MHO HAVX HXAD TKB zaSUX . Z KAVX ATTACHXD A BX7RINT OF THE "FUTURK 
VZEW" ARTZCIiXS A5 PART OF THI9 7X9TXM0MY. 

MXZLX "rUTURB VXX1f<* ZS AK IKPRXSSXVX JOURMALXaTZC XNDIAVOR WZTK A 
STRONG MXSSAGBp ZT DRAMS FROM THOSE ITRO KAVX DOME 8lGNZrzCAMT HOMC ON 

THX vxazoN or mrat mamutacturzng wzli. bx Lztot XN THX ruTURx. or 

FARTZCUZAR ZMFORTANOB Xfl THX MOW DOKX AT TO XXkCOCCA INSTZTOTX MUXCH 
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waa 18 zxponTAMT IS laxT XK OKOut TO ton yiuxraaa wx )iixd to khcii 

HBXCM TO 00. OF U8r ZMDUaTlty/ SDUCATZONr QOVXXMKBMT, AND tn 

BMUOICH COMIUMITY; WX ALl KBXD TO GO IM TU SAKE DIMCTIOM. 

TKX WOMC DOMX ZK "rUTUM YIXIT" AMD '*21fT CaMTUKY MMrOTACTtTKIKG 

nrrmRisx sxratsgy" contzkually cazj^i for a matzonal lOKurACTimitfG 

VZ3Z0W. TH»Y ZOlUTZrY TMl MBBD FOR AK ZUrWUITKUCTUM WZTMIN WHZCH TO 
atHIVE TOR TWI VISION. TWY CAZiL FOR 8»»CIFZC ACTXVITIIS UMICK, HHIK 
ACCOMFLXSnO, HILL 8F1LL SaCCMS FOR TKE FOTURX OF MMVUFACTURIHG XV 
COR COUNTRY. 

WE ZH TBI SOCZBTY OF MAN0FACTT3RZM; KVOZMEIRt FKXL TKA7 IIKATXVBR 
ZNDZVZDGAL EFFORTS ARS UHDXRTAXXN TO ZMFROVB THI STATS OF U.S. 
MAMarACTURZHO, THEY MUST? BS ACCOM»LZSRSO AS 9ART OF AM AORXXD UFON 
FLAM OF ZMPUSTRY, ACADIXIA, GOVRRMKBfT, AK9 TSX RSSSARCK C^^MMONXTY TO 
ACHIEVS A MATXOKAL KAMUFACTURXKO VZSZOM* TXAZ VZSZOM HAS YBT TO BE 
FRAMED. 

THE SOCrXTY OF MAMUFACTDRZHQ XMOZMXXRS COHCURS VIZTH TXS AOTXORS OF 
TMS MATZOHAZ. RX SEARCH COUMCXL REFORT, "ZMFROVZHQ XWaiKXERZKO 

DXSZCM" (KA7Z0NAL ACAOSKY FRSSS: X9S1) ^ TEAT * XFFXCTIVX OXSIOM 18 

A FRXREQUZaXTE FOR EFFXCTZVX MAMUFACTDRXNO^ CRJAZiXTY CAMNOT BE 
NAMUFACTURED OR TXSTEO ZNTO A FROOOCT^ IT MOST BE DBSZOIXD XM.** 
flOWBVERr TEE SOCZBTY FBEX»S QUXTE STRONOIiY TEA3! OMUSS TIE EMaXKEERZMQ 
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OlSXQf PROCtaS FULLT IMTIGWITM TiOl rOKCWOKI OF FHODUCT COWC»TtOM, 
OIVEMPMEMT, IttMOTXCTOMltO, USK, aUWORT, AMD DLTnaTLY ITS 
JWD-Or-Liri DISFOaiTXOW, quality WILX, wot BI DMZGNXD IN» in FACt, IT 
IS BICOMZNG MOKB MADILY MCOQinSBD AMD ACC»T» TKAOOOHOUT INOUaTXY 
AMD THE JIAirorACTURI»« PROFlSSIOH THAT TW TSBM "HAMOTACTURIIIO'' IS 
TAKING ON A NORA ALL-lNCOWASSIIW KATDM. IT XNCLDDSS IN ITS 
DKTINITION TH» INTIGAATKD ACTIVITIES OF TXS PRODUCT LIFl CYCLE/ fHOK 
CONCEPTION THROUOH SND-OF-Lin AMD DISPOSITION. 

ANOTHER TREND WHICH IS TAJCINO PLACE IN OUR COUNTRY IS THE MIORATIOM 
OF NANUFACTUKINQ ACTIVITY FROM LAROEf VERTICALLY iNTaSRATSD 
CORPORATIONS TO THE SMALL AMD MEDIUM 8IOD KAMOFACTUiaNa COMPANIES. 
INTEGRATED ENGINEERING DESIGN RESEAJiCK AMD EDUCAXIOM ACTIVITIES MEED 
TO EE STRUCTURED AND CONDUCTED SUCH TEAT TKEXR BENEFITS CAN EE EASILY 
TRANSFERRED AND USED BY TKIS INDUSTRIAL BASE. MAXIMUM USE OF THE HIGH 
PERFORMANCE COMPUTER. AMD COtOIDNICATIONS INITIATIVE AS SUPPmSNTED BY 
THE "FACTORY AMERICA NSTWORE* r^mr.T.^p yQi^ ^ "21 ST CENTURY 
MANUFACTURING SMTBRPRISE STRATEGY" WILL ACCOMTLISE THAT END. THE 
INTERACTIVE CAPABILITY OF THAT INTEGRATED XNTORMATIOM NBTMOfOC WILL BE 
ABLE TO BRING TEE WORLD OF THE SMALL EUSIMESS MANUFACTURER INTO THE 
REALM OF THE DESIGN RESEARCHER AND VICE VERSA. 

THE SOCIETY COWCURS WITH THE AUTHORS OF "IMPROVING ENGINEERING 
DESIGN**, THAT ENGINEERING DESIGN EDUCATION NEEDS TO BE STRENGTHENED. 
WE FEEL THAT EXPERIENCE WITH THE PRODUCT LIFE CYCLE IS AM XMPORTAMT 
PART OF THAT STRENGTHHNIMO . ACCORDXMOLYr WE RHCOIMND TEAT PRACTICAL 
EXPERIENCE IM THE PRODUCT RRALXlATlOM PMOCRSS FOR A PSRXOD OF AT 
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rOR C3MDUATX DIOUIS SHaTKXXiaHO OtiZCaf. JOflOr tBX MTATZOH Or 

A puaoasD cotntss or v^hisszokal oxvuomht, kzll mu^vzob trx riKLO 

HITV SKXMSTZCr STATI*Or-TaX-AllT TALBIT. 

THI CKCATZOX OF A "KATZOMAL C0MS0X7ZU1C rOK DfaZKXERZlfO DBSZQl*' KXX09 
TO >l AP9A0ACSBD WZTB CAl^TZOM. TBI KBBD TO X«7A»XiZ8X 9XVAXATB 
09JSk»lZXriO»8 TO DKAL WITH SPBCXTZC »»OSZiSNS HKi WBISXHT A KXMD OT 

soLUTZOM t:at zs bscomxmq a paat or om pajt. thi soczbty wwaxa that 

TXBNI Z8 aT:rrZCZ2IfT TALXMT XN rXOrBSSZOtlAL SOCZBTIBSr oovbiuwbnt 
A0IKCZB8, nroUSTHXAL AaSOCXATZOMt, AMD XDUCA7Z0MAL ZMSTZTUTZOWf TO 
DXAL aUCCBSSrXTLL^ WITH THZ8 PROILUC. NIAT HBBDi TO WtfVBlf X« A COMXMO 
TOOBTBEA or THIS TALXHT ZM ON^BH TO rOCas CM DBrZHIMQ tOXiUTZOirS AMD 
XMfXJEMBNTlHQ MtSULTZMO ACTIVZ7XM LBWZMQ TO 8CCCB88. TBB CtnWXKT 
8TATS'0r*THB*AAT ZN ZNTZOItATBD STSTIMB TBCBMOLOOZflS AlC TBBZR 
APVLZCATZONS MMCB THB BSTABLZSaOm OT VIKTCAZi TBAMl TO OBAL WZTB 
TKS8B 1CIMD8 OF IS8UIS A WLLZTY. TXX fOCZSTY OT MMfTTACTUlUMO 
BNaXMIBA8 Z8 AXADY TO IfOBX laTM OXSK 8XSTB11 9A0rS8S ZONAL fOCZBTIXf AMD 
TKX DBSZQNATHD STBKAAD OF PtnXiZC rUMDS TO VUIiL SUCK A TXMf TOOlTaill. 

00» COMOMTS OH TBI MATZOHAL BBSBAACB CCtWCZL BBFOAT, "TBB 
COKPBTXTZVB BfiOB: »B8BA|lCX PUZOIUTXBf FOB MMIDrACTUBZlIC*' (NATZONAL 
ACAOBMY FNt88: 1»9X}, WILL IB LIMZTBD TO THB 80»JBCT OF CBAFTXR 8ZX: 
MOnTFACTUimiO tXZLLf ZMFBOVnOMT . THB MBASOIV FOB DOXMO 80 Z8 TO 
BNTBAaZKB THB 80CZB7Y' 8 FOCUS CM lOUT Z8 THB ULTXKATH DXTIKMZltBMT A8 
TO THB 8UCCXa8 OH FAZLUBX OF U.8. MMnFACTQAXHG— ZT' 8 PBOtLS. 
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Tl« aOBJICT MfcTTlR Of THI FRXVIOUS OOPTEM, X$ WCtt* AS IIKI tOlTllUAL 
ZN OTHBR PUBLICATIOWS D«liLZMG IflTH TH» WOiSSITY TO WXWIOOIUTl Ta» 
U.S. ZMDOSTRZAL BASt, DK9XND8 KKTIMLY OH TIB A1ZZ.ZTT OF TBI WOW 
rOKCX TO ZMffUCHSNT STATED MKOlMKDATZOltS YOU IM»»C(VXMINT. AOVMICSD 
tOKUrACTORIlK; TXCKHOLOaziS AKD PR0CX89I8 K&VX bBK 9»0P0SSD AMD 
OZSCaSSKD. BUT, HOW QqALZfZBD WZIi TW HOMC rORCl B« WHO MAS TO 
DXVXXiOP THSK A2fD IMFLIKEN7 TKMH7 ffBXM WZtL TXB 9X0PZJB COMI rBOM NOO 
HAVl TO TBACIl, IfHO BAVl TO DO TW KXSlAMCfi, MHO AAVX TO WORK WITH TIB 
ADVANCED MMOTACTURING TlCBV0Z.06ZtS AMD MOCESSBI OT TUB TUTOBBT 

WXTK A CAVEAT DXALZM6 WZTH TUB ClUULTZOM OT NSW OBOMTZ SAT IONS, WHICH 
WAS PBBVXOUSIiY K»BBSSXD ZN THZ8 TESTZMOWy, TKB SOCXBTX ENDORSES 
CHAPTER SIX kS REFLECTZVB OP ZTS POSlTZON ON IttNOTACTURtlW SKILLS 
IMPROVEMENT, ALSO, AS PREVZ0U8LY STATED, THE SOCZETT STANDS READY TO 
WajJC COLLA'-^JATlVELTr TO ACBXBVE IMPROVEMENT IN THE ABBAS lOWTlflEO. 

THE STRATBQIC MAMUrACTURINQ INITIATIVE ANNOCNCED BY T3E NATIOKAL 
SCIENCE rOUNDATICM AMD THE OITICB OP TEE SBCMTART OP DEPENSB IS AN 
EXAMPLE OP THE KIND OP ACTIVITY TBXt COULD BE A PART OP ACXZEVIIIQ THE 
NATIONAL MANUTACTURIWG VISION, WERE THAT VISION OBPIMSD. TBE ABSENCE 
OP THE TALENTS OP TKB DEPARTMENT CV COMMERCE, TEE DEPARTMENT OP 
EMEROY, AND THE NATIONAL ABRONADTICS AND SPACE ADNIMZ STRATI ON AS A 
PART /OF THE GOVERNMENT TEAM II QUESTIONED. WE NOTE THE ROLE OP 
''ASSISTANCE ANT) ADVICE OP TBE RESEARCH COMIONZTY . . . <* AND TBE STRONa 
EMCOORACBMEMT TO INTERACT WITH INDUSTRY. MORS It MBUED. TBI SOCIETY 
BELIEVES THAT THIS INITIATIVE IS BUILT POR THE PARTICIPASION OP CROSS 
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ra«C?IONAIt TSMtt lUrrOhVTUQr IM AM ZMTKMTBD rMKlONr AVPmOPKIATX 
TAUKHTS FROM GOVlIWKIKt, ZNOUSTHYr ACADSNXAr AMD THX MC8EARCB 
COftMUKlTV. OMCl AOADf, m OFFBR TO KlXir. 

A rXKAL MOTS, not SOCISTY OF N^NUFACTOIOlia SMGZtlSZM HAS ]ISC0(9fSKSO 
F0]( SOMS TZKB TKI VALUS OF TBS MATZON'8 CONKOMITY COUAOS SY8TXK TO 
DSZ.ZWK AXKVTCSS AT THX GAASI HOOTS LWBZ. OF f 0CSXTT***AaiXEVll90 
ZNTZJUTS C0M7ACT IflTH A Dia»»8BDr KATBBH XLUfZVX SXT OF CIiXw/ITS . THX 
NAJOK OBJXCTZVZ OF COHMOHXTY COXiLKCtf X8 TO SDUCATl AMD/0]l TMUM 
9X09LX MITH XMPBASZS ON I.OCAL JOB OVPORtUlfXTZiS AMD COKTZNOlMa 
8DUCATX0N. A COMHXTTMSKT TO COMMUMZTY SWKTZCI ZA CSMTML TO TUB VALUX 
SrSTSMS OF THS COMMOHZTY COLUICOBa. THX 091 OF COMMOMZTY C0LLX6I8 X3 
DXLIVXKY AOZMTS FOR THK 9ACD0CT8 OF lOKOFACTTAIMQ XOOCATZOH AND 
1IX3XARCH SHOUX.D BX AN ZMTX<>»AL PART OF AMT MAKUTACTUAXliO RXaXARCR AHD 
SDUCATl ON PROGRAM. 

UR CKAIRMAH, THX 80CZBTY OF XAMUFACTCRnfG XNOZMKXRS APFMCXATX8 T» 
IKTEMST OF YOUR SUBCOMCITTXX XH VfXAT Iff HAVX SAZO TODAY. IfX iTAMD 
RXADY TO PROVTDK ANY ADDITIONAL INPUT AND AfSISTANCX YOU DXXM 
&PFFOPRIATX. NX AIX FOLLY COMKITTXD TO DOXNQ AXX THAT NX CAN TO 
MI9T0RX VITALITY TO AZaRICA'8 tANUFACTCRINO 81CT0R. FOR A8 IT Za SAID 
ZN PR0VXAB8, 29:1$ AND IN TKX FINAL ARTZCLK OF "FUTURX VIXN*": ''NXXXX 
TXXKX 18 NO VISION, THX fSOPLX PXRI8K. . . . " Z WILL MOW TRY TO ANSWXR 
ANY QQXSTZCN8 YOO MAY XAVX. 
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FUTURE VIEW 

NUNUFAcniniie luiufiEiiiiEin m aisis 



Th« war m tb« Person GuU « 
year ago «aa a dramatic 
example of wity technolofy 
IS critical to America's 
future. But Americans may 
have drawn the wroAg concluiKxis 
froeo ii "It w«s not a demoiutrauon 
of US technolofKal preeminence." 
«y» Oecfte M C Fisher, chairman 
o{ the Washiniton. DC-based Council 
on Compenuveness. "'Much of lae 
cJectromcs in US weapons was sev- 
eral generations behind the most 
advanced commercial technologies, 
and m many ol these technologies the 
L'S IS no longer the leader." 

Daniel Burstein. busmess consult- 
int and author of Ytnf and furofiwA* 
(Simon & Schuster. New York) 
agrees "Americans became over- 
confident about the country 's military 
success and what they saw as its 
overaJI gtobai leadership. In Amen- 
en eyes. Japan and Germany failed 
»he test * Short term, the war caused 
a decline m US interest m Europe It 
made Europe seem less imporunt. 



Yet today's popular American notion 
that Europe is a nice place, a big but 
somewhat backward market, will be 
senously cbaUenged over the next 
decade, atoflg the lines of the current 
challenge from Japan. 

And Japan? "If you look 10 years 
out to 2002. Japan-which will still 
have only 50* of our population and 
even a sit . 'er percenuge of our total 
workforc will equal or surpass tt.e 
US in terms of total manufacturing 
output. At best Hot us), they'll 
outproduce us 2:1 on a per-captu 
ba«». That's frightening." 

What going wrong? Our problem 
is otM success, anawers Buntan. "The 
system worked so well for so long 
few people want to tamper with it. 
We are at a crossroads, however. 
Other cultures are demonstrating 
that in some ways their systems arc 
superior. We're still m the denial 



suge. We have a vested interest m 
bclievmg we have the greatest sys- 
tem the world has ever seen." 



According to John Young, presi- 
dent and CEO. Hewlett-Packard Co. 
(Pak) Alto, CA). we comfort our- 
selves with five myths about Amer- 
ica's technical leadership. "The first, 
which I call 'the sunrise industneo* 
myth, goes like this: 'Sure, our tra- 
ditional manufacturing industries are 
under siege, but we still lead in the 
new, high-growth, high-tech seg- 
ments.' " The higji-tech trade bal- 
ance may have looked good in the 
early "BOi, but that ended in 1986, 
when the US witnessed its first-ever 
trade deficit in the high-technology 
segments. Young explains. With 
technological innovation, the financial 
rewards are cumulative. If you lose 
one round, it's very hard to get back 
in the fight. 

The second myth is about "the 
leading edge." It says even if the US 
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has trade prob- 
lems in technology 
sectors, they're 
only at the low 
end, in consumer 
electronics. We're 
ahead ia leading-edge technology. 

Again, facts refute the myth. In 
terms of doUars. it's true our biggest 
trade problem in electronics involves 
TVs. audio equipment, and VCRs; 
however. Araenca is also falling 
behind in several critical generic 
technologies, including integrated 
circuit bbrication. opucal information 
storage, and robotics. And consumer 
electronics is not aU "low-tech." 
"Many HP engineers." says Young, 
"feel the degree of sophistication in 
the design and packaging of today's 
home video camcorders is the most 
advanced of any product family 
they've seen." 

Myth three — the "copy-cat"— 
says that though other countries have 
caught the US. they've done so by 
aping us. The Japanese, espeoally, 
are incapable of innovating on their 
own. This was true m the early years 
following World War U. "But today," 
says Young. "US patents tell a dif. 
ferent story. In 1988, the most 
recent year for which we have data, 
48% of the patents granted in the US 
went to foreign inventors, and many 
were for significant technologies." 

The "Nobel Pnre" myth says that 
the US leads the world in Nobel lau- 
reates, our research universities are 



the best, so we have the strongest 
technology infrastructure. 'This is 
misleading i.i two ways." Young 
pomts out. "First, we must ask 
whether the breakthroughs that wn 
Nobel Pmes actually help wm a fight. 
We focus on the pui"swt of basic 
knowledge but give little thought to 
its application. Second, our technol- 
ogy infrastructure is showing signs of 
strain. We've been living off the fat of 
the land, doing little to ensure future 
generations of technology and trained 
people." 

In real terms, federal funding for 
university research facilities declined 
95% over the past 20 years. The 
White House Science Council reports 
it will take a $10 bilhon investment to 
bring the facilities up to adequate 
condition, and no one is rushing to 
spend the money. 

As to trained people. Young sees 
more bleak numbers. For many rea- 
sons, more than half the engineering 
doctoral degrees in this country are 
granted to foreign students. "We're 
also facing a shortage of university 
professors." he says. "We've got a 
situation in the human resources area 
that's similar to what we have in the 
fiscal area. We re living on borrowed 
money, talent, and even time." 

The "Sputnik" myth refers to the 
jo!t Americans felt when the Russians 
beat us into outer space. "It galva- 
nized us into action.'* recalls Young. 
'So we invested and succeeded in 
being the first to land a man on the 




moon. " .•Xc cording to the myth, all the 
US needs to shore up its technology 
base IS another, similar event. "The 
Japanese haven't obliged us by 
launching a Toyota mto space, how- 
ever." notes Young. The real cure 
might involve a series of small, rather 
undramatic changes, not another 
megaproject like putting a man on the 
mooD. 

Burstein pomts out a particular 
shortcoming in America s view of for- 
eign competitiveness that he calls 
"the Lexus factor." Shortly before 
the Lexus debuted, most US auto- 
motive experts had a low opinion 
about Japan's ability to compete at 
the high end of the automobile mar- 
ket. A few months ago. the Le.\as 
surpassed Mercedes in unit sales in 
the US. A similar skepticism was 
evident for many years about the 
European Airbus consortium, which 
IS now seriously beginning to chal- 
lenge Boeing. "Why do we keep 
doubtmg? " Burstein asks. "I'd say 
it's doubtful they won't succeed.'* 

The Lexus factor mentality may be 
changing, however. The US public is 
becoming seriously concerned about 
the country's economic future. ' By 
virtually every benchmark." says 
Fisher. "Americans are increasinglv 
worried about what is unfolding 
More than 77% think Japan is ahead 
(rf the US tn terms of its ability to 
compete economically, and 72^t 
believe the worst is yet to come. " 

In response to a call from Con- 
gress that the Defense Department 
develop a strategic plan for spending 
roanuftctunng technology dollars, 
the DoD came to industry and asked 
it to descnbe the competitive manu- 
fKturing enterpnse of the 2 1st cen- 
tury. The DoD also wanted a plan ot 
action to make that competitive 
model a reality. Fifteen senior cxec- 
iKWes brought together by pnncipaJ 
i«vesagators Dr. Roger N. Nagel. 
Harvey E. Wagner Professor of Man- 
tttKtunng Systems Engineenng and 
o^ratwns director of the lacocca 
lastitute at Lehigh Umversitv 
(Belhkhera, PA), and Rick Dove', 
ctoirman. Paradigm Shift Intema- 
tionti (Oakland), held a senes of 
meetings last summer to identify the 
chmcteristics of what they came to 
cai "agile manufacturers." Nagel and 
Dore are taking the group's findings 
toinduttry leaders to build a copsen- 
sw before what they hope will be a 
series of Congressional hearings on 
US industrial competitiveness, 

According to Dove, there are 
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ISs akmftk uatexr UB oar areah 
lihfewCgiiMfii till 1 1 fchf eapt? 

t&r Mntry lineir tbcr OHffc fear 
'caapiactsci Tbr daikufr bamt 
dh»Eiai9ctt-AiAMii»reaii. 

ti p— ^ Bbtms. Coomiccdat. Aif^ 
piMT Graa^TTT DiviMfc idm- 
dfitv several naior coapctitivc 
chaiknger fnaat in coiapM^ 
over tbe cocaii« decade. Tbey 
iadnde Earopeui sub«idie«» nrai* 
tipie- certification re<iuireinent3, 
tlie bnrden of httltfa care cosu, 
and the ecoooooc iiapact of eim- 
roomeBtai reguUtioo. 

SubstdUs for AirbuM, Boeioc. 
bems the coomxy'a leadinc exr 
porter* is inteniely coDcemed 
about maintaioing c^ien markets, 
sood iBtematifnal trade rales, a 
strong GATT (General Agree* 
meat ou Trade aad Taii^) sys- 
tem. zaA what Hoagardy calls "a 
level playing 6eld on government 
support." 

Certtfication requiremtnts . 
Imposition of airplane certification 
re<)uiren]ents by multiple couo* 
tries aifects the competitiveness 
of the ecure aviation industry, he 
says. Certification by the Federal 
Aviation Adminstratton (FAA) 
used to be accepted by other coun- 
tries, but no longer. "To be so^d in 
Europe. Boeing airplanes must be 
certified twice: in the US and again 
by the European Joint Airworthi- 
ness .Authorities. In addition, the 
European country of registry adds 
nauonai varunts to certification. 
Our competitors are aJso subject 




to these moltiple certification 
reqairements.** 

Hougazdy claims there is no 
evidence that muitipie certifica- 
tions improve safety. 'They only 
increase the cost of aviation prod- 
ucts and services, maimg our 
entire industry less competitive," 
he says. "The mduatry must vig- 
orously press toward a process of 
muitilaterat agreements or some 
other method that will result in 
only one certification process." 

Htaltk cart. While industry 
should provide health care for 
employees ^nd their families, 
Hougardy argues that rapidly ris- 
ing costs are having a direct bear- 
ing on US manufacturers* ability tu 
compete globally. Between 1987 
and 1990. Boeing's costs for med- 
ical care for employees and their 



funiiies increased 55%. In 1991. 
they rose another 21%. The prob- 
lem can't be ignored, he says. 

Environmtntai ngulattOKS. 
Environmental regulations have 
become extremely costly. "Boemg is 
investmg heavily to solve prob- 
lems such as chemical reduction 
and waste minimization." says 
Hougardy. "We have accepted the 
Environmental Protection Agency 
challenge to reduce emissions 
50% by 1995. Soon we will see 
more effiaent paint guns, water- 
based processes, and less toxic 
solvents in use throughout our fac- 
tories. And we're providing exten- 
sive employee training on all envi- 
ronmental issues." But in two 
years, costs for record keeping, 
trsming, and reporting have risen 
more than 115%. 



three major descriptors of the suc- 
cessful manufacturing enterpnse m 
the next century: continuous change, 
rapid response, and evolving quality 
standards. 

Cm U nu om Change 

Technology is advancing so rapidly 
that the environment will be one of 
dramatic, continuous change. That 
means, says Dove, "the products you 
build today wili compete with prod- 
ucts a competitor will build two 
weeks from now— and they'll be 
made using technologies you didn't 
have. The processes installed in your 
factory six months ago must compete 
with those in factories equipped with 



technologies not available to you." 

"There will be no fixed-plan oper- 
ation," adds Nagel. "because prod- 
ucts will change daily. We'll be forced 
into dynamic process planning, figur- 
ing out how to make things in the 
context of wliat else we're making 
and our configuration capability." 

According to Dr. D. Bruce 
Merr.field. Walter Bladstrom Profes- 
sor of Management. Wharton School 
of Business. University of Pennsyl- 
vania (Philadelphia). "Management 
or manufacturing will become the 
management of change. Survival will 
require major corporate restructur- 
ing to manage a combination of con- 
tinuous incremental improvements 



and simultaneous development of 
next-generation technology designed 
to obsolete and leapfrog current sys- 
tems before the competition does, " 
he says. The hierarchical fonn of 
organization cannot manage such an 
environment. 

Any company not involved in a 
process of continuous corporate 
renewal probably has made an unin- 
tentional decision not to be in busi- 
ness a few years from now. Contin- 
uous renewal involves the following 
five elements: 

• A vision of where you must be in 
five years to survive 

• Theoretical options for getting 
there 
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• A strategic 
plan comparing 
existing skills, re- 
sources, and capa- 
bilities against 
those required 

• A business plan allocating 
resources needed and developing 
strategic alliances to &11 the gaps 

• A vigorous in-house program of 
workforce reskilling. 




Operations in a continuous -change 
environment climax with very short 
windows. Opportunities don't last 
long. "You must find how to get 
involved in that acuvity. master the 
technolog>'. have the right producuon 
faciiiues available, and then get out of 
the business at the nght time and 
move to something else." says Dove, 

Rapid response will force much 
more mteracuon. cooperation, joint 
ventures, and teaming. There simply 
won't be time to grow all these capa- 
bilities in-house. however. Virtual 
corporations— made up of what you 
need from a number of disparate 
places, tnside or outside the com- 
pany, each contributing something 



unique but needing something ]ust a$ 
unique from the others — wdl soon 
evolve. "In fact." notes Nagel. 
"because of the needs to put the nght 
sltiU sets together. Wall Sucet will 
scrutinize how good a partner you are 
and what skill base you have when it 
ass*"**! the competitive health and 
future of your company. 

"Of course, because agile manu- 
facturing depends on sharing, team- 
ing, and cooperation, it will highly 
emphasize tnist. The idea of shanng 
information and bebrving properly 
with respect to proprietary informa- 
tion will be a major ethical issue by 
the end of the decade." 

Ed Miller, president of the Na- 
tional Center for Manufacturing Sci- 
ences (Aim Arbor, MI), sees a strong 
move among independent organiza- 
tions to form collaborations. Some 
208 consortia are registered with the 
Attorney General, often for simple 
projects between just two compa- 
nies. Many occur on an ad hoc basis, 
however, and he encourages compa- 
nies to seek partners outside of their 
normal sphere. He cites an example 
of companies indifferent industries— 
electronics and health care—that 



found they were doing parallel work 
mstereolithography. The electronics 
firm felt it had created an exceilem 
system in the 18 months it had 
allowed itself, only to discover thai 
the other firm had built a more 
advanced system within six months. 

"Such partnerships ^snll function in 
the early, precompetitive stages ot 
technology development, allowing 
vigorous competition in the later 
stages of product development." 
Fisher adds. 

Just as we share people, we will 
share processes, facilities, and the 
means to operate them. "Shared Ilex* 
ible computer'integrated facilities 
will be cloned around the world lor 
remote satellite programming to 
make what you want, when you want 
it, and wherever it's needed for just- 
in-iime deliver.*. * says Memfield. 
The modular facilities uill provide 
rapid CAD/CAA-T prototyping, per- 
mitting immediate entry into a mar- 
ket for one. 10, or 1000-of-a-kind 
products at essentially the same cost . 
but jvith the precision and reproduc- 
ibility required for global competi- 
tion. They will be continually repro- 
grammable to make new or modified 




Wasino turning cells prove that automation 
an be straightforward, after all. Pre- engineered, 
hcld-testcd and fully assembled, these cells 
irc ready to run. The nightmare of debugging 
.iiitoiTtiited 'Systems*' on your own shop floor, for 
weeks (ir months, is over. Workhandling is so 
Minple And ttghtly integrated that the CNC 



controls every single machining '\ automation 
function. The gantry- type loaders ..re on -board. 
Gantry loader commands arc standard "M" code> 
Changing parts usually is as simple as switchms 
«»rippcrs and loading a new program. 

Unlike systems with separate machining and 
workhandling controlleT3, Wasino cells are built tc> 
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products. Basically, these (aciliiies 
will fulfill a service function, raising 
developing nations lo manufac- 
tunng's leading edge while providing 
profitable opportunities for those 
who can generate the advanced sys- 
tems that can be prosrammed into 
them. 

.About eight shared flexible com- 
puter-inte^^rated facilities are now 
operating in the US. wth another 
dozen due to open shortly. The 
Industrial Credit and Investment 
Bank of India plans to clone one soon. 

Rapid response requires much- 
improved communication in the area 
of fundamental research, too. In 
November, a group of 60 academi- 
cians, government representatives, 
and industry leaders met to discuss 
enhancing the speed and effective- 
ness of transfernng fundamental 
knowledge amon? iheir institutions 
"Can we continue government sup- 
port ot academia when the output is 
students who never go into a factor>- 
and papers (hat the Japanese read so 
they can make new products'" asks 
Dr. Iva M. Wilson, president. Phihps 
Display Components Co. (Ann .Artwr). 

"Some in the universities say the 



eight Agile Answers 

How can a manufacturer measure 
its agility? .Answer these ques- 
tions, say Nagel and Dove: 

• How quickly can you respond 
when you get an order for a cus- 
tomized product? 

• How long does u take to build 
a new variety of something that's 
m your product line? 

• How long did it take lo nego- 
tiate parameters for real strategic 
relationships compared to how 
long It took to actually begin a 



strategic relationship? If the num- 
ber IS greater than one. some- 
thing's wrong. 

• How many joint ventures ha^ 
your company formed this year' 

• How many products du you 
introduce per year? 

• What percentage of your new 
products are customized? 

• What percentage arc re- 
configured? 

• What percentage of your cus- 
tomers are repeat v:ustomers' 



problem is with US industrv — it 
doesn't want to accept the knowJ- 
edge," responds Dr. Yoram Koren. 
chairman ot the Department of 
Mechanical Engmeering and .Applied 
Mechamcs. University of Michigan, 
and chair of the NSF-sponsored work- 
shop. 'Others say it's academia— it 
doesn't know how to deliver. And 
how should government agencies 
that fund research decide if research 
IS good? [s a four-page equation a 
good one? Academia. industry, and 
government must communicate and 



collaborate to maximiie the impjci -.i 
basic research and education on man- 
ufactunng competitiveness*. " 

EvoMflg Quality 

Over the next lo years, the Je!- 
inition of quality wilt merge with the 
detinition of customer satisfaction 
"Eventually," says Dove, "we .von i 
count detects because there '.von t 
any. Today'^ standard ot qualit\ n 
deieci-free.' This will be oniv :he 
entry level for the next quality iron- 
tier, which will be the enjoyable emo- 



our plant not in yours. 




he run hv operators, not Dy programmers or engi- 
neers. ThcvVc proven themselves in over 1 ,600 
installations around the country and around the 
u-'f>rld. And with single-^<Hirce cnginectini*, you 
ijct sin^lc-M>urce rcspt^nMbilttv. 



We'd like to send you a videotape that demon- 
it rates how straightforward it is. Just write to us on 
vour letterhead todav to get your copy, along with 
our brochure. Ot give us a call at (2C1 )696-7070 
lo arrange for a live demonstntion. 
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donal expenence 
o( ioteraciing vnxh 
ihe product." 

Ed Kfoury. vice 
president. IBM 
(Armonk. NY), 
and president of its ludustnal Sector 
Oivision. puts it another way: "Our 
focus is on more than the produce. 
Quality eocompasses every aspect of 
customer saUsfaction. It means doing 
a better job of understanding our 
customers and rededicating our- 
selves to eliminating defects in 
everything we do." 

"There's a difference between 



quality and value." adds Leroy D 
"Pete" Peterson. world'>nde director 
of .^dersen Consultmg s Products 
Industry practice iChicagol "Most 
of this country's manufacturers are 
working to improve the quality of 
producuon. when they should focus 
on value— the customer s perception 
of how good a product is for the pnce. 

"In the past. Amencan consumers 
were all too willing to buy low-cost 
products of limited value. Low-cost 
mass production of reasonably dura- 
ble goods will continue to be %itally 
important to some households." 
Nevertheless. US manufacturers 



must realize consumers are ^tarcinc 
to apprecute value. Practicmfz sta- 
tistical comrol IS no longer accept- 
able Processes now must maKe qual- 
ity products the first time without 
inspection, rework, or scrap. 

Dr. H. Thomas Johnson. Reizia:: 
Professor oi Quality Manasemcnt. 
Portland State University - Portland. 
0R». takes quality a step lurther . 
"Competition m the near lulure 
means adapting quickiy to and even 
tnsiigattng chanije in customer 
expectations. That means empower- 
»ng everyone in the companv to listen 
to the voices of the customer una :hc 




aniMi.oiriiiip 

ri iil(tii»GB^Cifct rill ill t 

rii III "ir- KifcQUKJuwMi^ 

CJglhy^tb^fiyiiiin, . 

bcfimil AckK Tiaioa b«fp» ncnac; 
oMmtr. jad kMp to9 ttcMcat peo* 

^Aaitmd*. Too niaiiftftirtfT 
hate It crn^, wittrdo wocfc ctlac 
ained at cootnooo 'wasort\aotk aad 
improveaent. They set* lad oten 
surpM*. "inpoMible'* stxecdi toais 
(Me thii moQth't "QuaJirr Adrisor^ 
by HPCEOJohn Yoani). 

• Stsmdardt. Ttiey have hi(fa p«r^ 
fcnnifice esipectxdow wA devote spe* 
ctf actcixkn to neaMTBCpcrfanianoe. 
Tbey are canAi to select ^lptoftwtJt meaauret. 

• Ttammork. Leading manu^Kturing companies 
build stroog functx>nal teams and encourage cross- 
fuactioitti teammg. They rodoctrinate new employees 
in the cocopany's culture. They hire top people and 
pUce a high value on communication skUIs. 

• Rtconfiiursbility. Job and team assignments 
change to meet changing custom:i neetls. Effective 
SWAT teams handle $hort-i*r-i problems. Product 
teams form and reform to »',mf out new products. 
Dtmioos form and close m response to market needs. 

• E/ficuncy, Efftcttwmt. Great manufactorers 
balance k>cal efficiency with overaU company through- 
put and effectiveness. The key is knowing how to get 
results that show up in the product. 

• Shared Infermatum. Leading manufacturers com- 
municate weU, both internally and externally Their 
people are anicuiate. their organiialjons are flatter, 
and they run effective meetmgs. Buikhngs and facili- 
ties are well-desipied. and commumcaiion tools like 
E-mail. fax. and meeting rooms are widely available. 

• Ongoing Rtvtem. World-class manufacturers con- 




tiouafiy metture progress agiiim well-chosen mile- 
stones, beachaatks. aad commitments. They know 
enough to nuke realistic promises, and they hate 
missing deadlioes. 

• Urftncy. They have a sense of urgency -but not 
at the expense of fettkif the product nght. 

• Rtiomrctfmlntu. In world-class manufacturing 
companies, people know what to do and where they 're 
gotng— and tbey 6gure out the best, fastest, cheapest 
way to get there. eve« H it means adapting technol- 
ogies from outside the organization. 

• Centtn of Euetkiue. Leading tnanufacturers 
understand no oae caa be best at everything. They 
create one or more centers of preeminence and rely on 
worid-ctass suppliers for other technologies. 

• Eariy Wanrntg Systms. The best manufaciunng 
companies have sophisticated eariy warning systems 
in such areas as chaagmg customer needs soaal 
environment, dfoyaphics. regulatory environment, 
evolutionary produa and process technology, replace- 
ment technolofies. co«»peWors. suppliers, and d'stn- 
buuon channels. 
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process. No more 
passing tnstruc 
uons down from 
the top to docile 
, worker* who will 
raanipulate pro- 
cesses to achieve accounting targets. 
No more treating the customer like a 
sponge who will soak up companies' 
output to 'cover their costs.' " 

How do you learn to focus on the 
customer? Stan b>- focusing on your 
internal customer, recommeodi Wil- 
son. "He's the guy down the line that 
you influence when you do your job. 
You can't implement customer onen- 
tation with your outside customers 
without pracuce." 

TiM HiMMMI Tottdl 

Achieving agile manufacturing 
requires changing how we manage 
people. "The process of busmess is 
mostly people."' says Wilson. 'If you 
want to be successful, you must inte- 
grate the people with the machines. 



processes, and products." 

Human resources is an area where 
a competitive disadvantage is good, 
says HP's Young- "We don't want 
tower wages, because we don't want 
to compete on the basis of cheap 
labor. After all. the goal of competing 
is to raise our sundard of living. That 
means Amencans must be so produc- 
U'/e and innovative they will earn 
more than their counterparts abroad 
without high unit labor costs." 

In some ways we can learn from 
the Japanese in dealing with people, 
says Dr. .•Man S. Blinder. Gordon S. 
Renischler Memorial Professor of 
Economics. Princeton University 
(Princeton. NJ). "We could success- 
fully import things like high training, 
high job security, workplace flexibil- 
ity, relauvely egalitarian workplaces. 
QenUe workforces that aren't ham- 
strung by restnctive work rules, high 
employee involvement, and well- 
organued consultation procedures 
between labor and management." 



.According to Blinder, in a well- 
functioning Japanese enterprise, 
there's only a small distinction 
between some aspects of the person* 
nel depanment and the labor union. 
Union leaders may well be manage- 
ment personnel on loan. "That 
sounds like a union that's a lackey to 
management." he says, and to some 
extent that may be true, but in Japan 
most managenal personnel began 
their careers as union members 
Labor-management relations do not 
foster or promote the us-vtnus-ihem 
attitude so dair-cpng m English- 
speaking countries. The whole sys- 
tem IS geared to making it us. 

"Of course." Blinder continues, 
"many US compames have excellent 
labor -management relations, and 
have for years. One could argue that 
a tot of these Japanese ideas came 
from us. What we must do is make 
this the matority of US companies, 
not the minonty." 

In 1990. the Indiana Labor and 



ChallMg9s Facing ManufBcturtng 

MANUFACTURING ENGINEERING asked a select 
group fr ^ SME's College of Fellows and recipients of 
SME's Young Manu&ctunng Engineer Award to spec- 
ulate on the issues ^dng manu^turing during the 
next decade. Here are excerpts from the conunents of 
these industry leaders: 



Donald G. Zook. assistant professor, manufac- 
turing engmeenng. California State Polytechnic Uni- 
versity. Pomona (past SME President. '86-87): 
These are the critical issues for management: 
Rtstoratton of luyalty m tkt mdnaftrntnt morkforce. 
Workforce reductKxis and elimination of nuddle man- 
agement can only result in loss of loyalty. Fewer 
professionals will want a lifelong assoaatiOQ with one 
employer. As companies recogntie the damage done 
by short-term approaches, the correction effort will be 
formidable. 

Education tn UnktHg ctUutcr sysUms. Evolution 
from job-shop or line- flow arrangements to cells will be 
partially successful because of immediate paybKk m 
reduced inventory and material-handling costs, The 
really tou^ job will be educating the large number of 
people needed to link multiple cells, exchange infor- 
mation and materuls. and Khieve fuU integration. 

Paang Uu apfticctum ofntw Ucknotogus. With the 
accelerating development of new matenais and pro- 
cesses, a major challenge will be selecting the appro- 
pnate tools and pacmg their application to the 
workforce's ability to manage snd use them. 

Charles J. Klein*, engineering group manager. 



vehicle assembly. General Motors (Warren. Ml): 

The corapeuuve factors of the 'SOs— cost and Qual- 
ity— have become givens. The next level of competi- 
tion win include the following: 

St^fU and product fUxibitity^tht ability to produce 
a vanety of differentiated products with minunmn 
investment or setup. The current mismatch between 
market demand and mass-production philosophy 
requires a rapid transition to truly flexible, low-cost 
manufacturing systems. 

Inttfration of Mena/actunng tnto ^u:fM— bnnging 
manufacturabiHcy requirements into the design pro- 
cess eartj. Significant progress has been made in 
design for assembly and expert systems, but even 
greater manufacturing knowledge must be mtegrated 
in the design process to develop robust, cost-effective 
products. 

SoaaUtnwtnnmtntat tssuts—i global issue for 
manufacturing in the next decade. New material tech- 
nologies will present unique disposal and mateml- 
handling challenges. 

Tcylan A.Itan. professor and director. Engineer- 
ing Research Center for Net Shape Manufactunng. 
Ohio State University (Columbus): 

OverscM co mpani es have three major ingredients for 
success: cash, technology, and a well-trained 
workforce. The critical issue t»dng US firms is traimng 
the present workforce, plus acquiring and keepmg 
well-trained engineenng and management talent. 

In Germany (formeriy West German>). each year 
&000--6000 students with post -high-school traimng in 
manufscturing technology enter the indcstrtal 
workforce. Of these. ISO are f*hD manufacturing 
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Management Council 
surveyed more than 300 
Midwest manufacturers 
regarding their quaisty 
and productivity 
improvement strate- 
gies. They were asked 
about three classes of 
strategies— socul sys- 
tem, technical system, 
and technology/equip- 
ment—and their impact 
on nine variables: 
domestic market share, 
foreign market share, 
overall sales, product 
quality, new and 
improved market mtro- 
ducuons. producuvtty. 
organization costs . 
employee skill and 
knowledge, and profit- 
ability. Survey results 
mdicate social system strategies 
have the most significant correlation 
with the outcomes, which suggests 




r 



a ppitityps mAmv ycvlwt 



emphasizing the social aspects of 
performance improvement produces 
the greatest payback. 



Can L'S manufactur- 
ers become competitive 
without government 
assistance? No. responds 
Dr. Jacques S. Gansler. 
visiting scholar at the 
Kennedy School oi Ouv- 
ernmeni at Harvard 
University (Cambndge. 
MA) and senior VP 
TASC (Arlington. VAl 
"Even a concerted el- 
fort by industr>- lo take 
such actions as listening 
to the customer and (.ut- 
ting down on new' 
product realizaaon cycwi 
will be insufficient if the 
government continues 
resisting making changes 
that will let US industry 
compete. 
"Industry must pressure govern- 
ment into initiatives like long-term, 
low-cost capital: an educated and 



engmeers. 500-800 are on the ouster's level, and the 
rest come from two or four-year engineering- 
technology colleges. Id Japan, the number of engineers 
graduated every year is larger than in the US (more 
than twice as many engineers per capita). 

In the US. most manufacturing engme«rs. although 
extremely skilled and valuable, are not degreed and 
have limited openness to new technology. Similarly, in 
middle management, many MS and PhD<level engi- 
neers m Germany run manufacturing plants. Most US 
companies do not have that level of technjcal capability 
or training in their workforce. 

To build a competiuve manufacturing workforce m 
the next 10-15 years will require innovative compen- 
sation policies as already practiced by many high-tech 
companies in the chemical. electronKS. and commu- 
nications industries. 

AlUn Young, vice president & general manager. 
AYM inc. (Albia. lA): 
Here are the problems: 

Skortatf of tratntd or trainabU peopU. It's difficult 
to convince the smartest people entering the 
workforce to go into manufacturing when the remu- 
neration is low. challenges few, and growth too slow. 

Lack of funds for updating facthtxts. Because we are 
in a mode of making money by buying and selling 
businesses— the business is always paying for itself— 
there's not enough to plow back into facilities and 
technology improvement. 

JnUmal pclitK5> With manufactunng increasingly 
controlled by lawyers, accountants, and marketing 
executives, required people skills are more political 
than technical, so manufacturing suffers. 



HA]i«<JorgCD Warncckc. PhD. Fraunhofer Insti- 
tute for Production Technology and Automation 
(Stuttgart. (Semuny): 

To achieve cost and price leadership, innovation 
must be managed well, especully quality- function 
depioyment. zero defects, and time compression. Con- 
ventional business structures must be overcome; the 
organization must be product and process-onented 
rather than function-onented— the vertical hierarchy 
must be changed to a more honzontal. product- 
oriented one. The bottleneck will be the thinking and 
attitudes of people at all levels. 

The need for flexibility will grow, along with the 
investment in computer-controlled systems that 
adapt. The factory will no longer be determinate— a 
machine where changes and disturbances must be 
avoided. Instead, it will be structured to be continu- 
ously changed and "disturbed" by markets and cus- 
tomers. Manu^turing will be a service. 

Mickey Love*, engineering manager, chassis 
product plant. Dana Corp. (Oklahoma City. OK): 

These are the most critical issues: 

Educating our mcrkfortt. We must nurture employ- | 
ees— provide all the things they need to grow, pros- 
per, excel, and become outstanding employees and 
well-rounded individuals. . 

Empowtring our workfortt. For an "empowered" 
and accountable workforce, we must push the \ 
decision-makmg process to the lowest level. This 
removes the need for managers. People will take pnde | 
m all they do, and they will do a tremendous lob. 

'ktctni Tfctptnt of SME'a Kokm/ Manufacturing Engi- ■ 
iH*r of tki Yt»r am*r4. j 
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continuously 
trained workforce: 
incentives for 
R&D and capiUl 
investment : and 
adequate support 
for The necessary infrastructure 
(including communications aod trans* 
porution). Current government poli- 
aes have the perverse effect of fore- ' 
ing industry to focus on short-term 
investment, encouraging many criti- 
cal industries to move offshore and 
separating the military and civilian 
sectors of the industrial base." 

Many think it's pnmanly govern- 
ment's attitude that must change. 
"Our policymakers tend to believe 
computer chips and potato chips are 
the same." says Clyde V. Prestowitz. 
president. Economic Strategy Insti- 
tute (Washuigton. DC). "When other 
countnes target the computer, auto, 
or semiconductor business and exe- 
cute mdus trial poliae5 aimed at gain- 
ing leadership in them, our 
policymakers think it's a positive 
thing because Americans are getting 
good, inexpensive products. If you 
respond. 'But it's dnvmg US manu- 
facturers out of business.' they say. 
'Let them make potato chips.* 
chips don't have the same economic 
implications. We are systematically 
rluninating ourselves from the high- 
value-added industries of the future . 

"The President, in particular, 
must make it the highest national 
pnonty to achieve and mamtain 
industnal and technok)gx:al leader- 
ship."* Prestoviiti stresses. "He now 
Kives that attention to geopolitics. 
We subordinate our economic inter- 
ests to gel votes in the UN or allies 
in the Middle East. We re constantly 
trading away tangible economic 
assets for intangible political gain.'* 
"Change in the government is 
essential,'* Gansler agrees. "Not 




VartablM Mitf OutcowK Yiilahlx 












msxm 






•Mm. 










MM* 






















01411 






«jMt 


O.M* 


COM 




*sm 




1 




ii^r^mt^ III m^/.^.^ 



S o d ofeh n lcal Sy m m faettn mi tiMk Cowponut Stwttgl— 




BEST COPY AVAIME 



130 



112 




oniy must it shift 
toward a far longer 
term perspective, 
but it must begin 
recognizing that 
(a) there is a prot>- 
leni and (b) government has a sigmf- 
icant role to play in correcting it. I 
suggest far more emphasis in the 
government 'mission agencies' on 
long-rasge technology investments, 
with departments like Transporta- 
tion. Education, and Envirooraent 
mirroring the investments of the 
Defenae Advanced Researcfa Projects 
Agenc>' [DARPA]. The Office of Sci- 
ence and Technology Policy could 
coordinate these investments. 

".Applied technology is the key to 
future competitiveness." he contm- 
ues. "in both military and economic 
spheres. A technology-based strat- 
egy emphasizing a balance between 
process and product technologies 
(typical in Japan) and focusmg on 
their rapid application to new. 
improved— but less expensive, more 
reliable— products is clearly the way 
to go. Government must assure 
industry has all the incentives to 
move in this direction. ..but it first 
must remove the bamers." 

What about a national mduscnai 
poUcy. with specific technologies tar- 
geted by the government for sup- 
port? It's a hotly debated topic, and 
Dan Burstetn favors it; "Of course, 
we'd have to set it up carefully. 1 call 
It a postindustnal policy, where gov- 
ernment money~but not much— is 
pumped into supporting mdustry. 
coupled with aggressive use of tax 
credits. 

"The decisions about which indus- 
tries to favor would be made m a 
forum of representatives from 
pnvaie-sector business, economists, 
consultants, and academics who can 
model industries of the future. I 
believe we can pick winners and los- 
ers, but I don't think Congress should 
do It. It wasn't the Diet that devel- 
oped Japan's industrial policy; it was 
an elite body of the Mimstry of Inter- 
national Trade and Industry [MITI]. 
dedicated civil servants who tapped 
the best economtc mmds and resources 
in their country." 

Dr. Richard K. Lester, professor 
of nuclear engineenng. Massachu- 
setts Institute of Technology (Cam- 
bridge), and director of MIT's Indus- 
trial Performance Center, agrees the 
US needs a national industna) policy. 
"We must develop better capability in 
the federal government regarding 



industr>- or technology policymaking. 
Whoever shouts the loudest now gets 
attention— for a few months, until the 
next loud voice comes along. That's 
how It was with HDTV and semicon- 
ductors. It's an ad hoc process. We 
must create a sustainable body of 
knowledge and expertise within gov- 
ernment or available to it that can 
evaluate mdustry needs. 

"On the other hand. I'm lukewarm 
about what targeting will actually 
accomplish. There are so many areas 
such as health and education and sav- 
ings and investment m which govern- 



ment pohcy cculd produce a signitl- 
cantly greater impact on our ability to 
compete." 

Lester recommends a variation ot 
the RAND Corp. as a Federal lech- 
nolog>' policy resource. "R.AND was 
established when the nation taced 
serious national security problems. It 
provided objective analyses tor the 
defense sector. Even conserxaiives 
m the current debate would tind jn 
equivalent organization operatin(<! in 
the industrial ares acceptable. ()i 
course, at the other end of the spec- 
trum is a Depanment ot Industry 



M«SM^« from a Frtwtd 

In the life of any industry, many a 
disadvantage can be turned into an 
edge over a competitor. The Jap- 
anese have become grand masters 
at this game, and the rest of the 
world is crying to catch up. 

But less thought is devoted to 
how advantages can quickly slide 
into liabilities. During the heyday 
of the ".^erican century," the US 
made efficient use of its conspic- 
uous advanuges: an abundance of 
raw materials, great talent, and an 
enormous home market. Now the 
last and greatest advantage- the 
size and vigor of the domestic US 
market— IK actually harming US 
ability to compete against Japan 
and Germany. 

In the cutting tool industry, the 
Questions asked about Japanese 
and German success are tike those 
asked in other industries. How do 
they create products that are 
slighdy better -and slightly cheaper? 
How do they market them so 
effectively? Both countries have 
the same basic approach to world 
markets, market share, and prod- 
uct line selection. It's not a ques- 
tion of lower labor coats, since 
ours IS not a labor-intensive indus- 
try, or of raw materials, since 
similar matenalt are used to make 
cutting tools throughout the 
world. Nor is it a question of infra- 
structure; Japan. Germany, and 
the US have roughly eqt'ivalent 
economies. 

You coukl cover the globe with 
paper de:^cribing and analyzing 
Japanese and German industrial 
success. But there is one central 
factor: the two countries have 
exalted industry almost into a reli* 



gion. This "religion" helped 
restore their pnde after World 
War II and reinforced itself by 
giving workers an extremely 
attractive set of incentives: an 
mtangible pacnotic goal, the emo- 
tional satisfaction of becoming 
number one in their panicular 
industry, and the very real bene- 
fits of a subscantutly higher stan- 
dard of living. 

While Japan and Gemuny were 
busy honing this process, the US 
was spending a lot of money plav- 
ing policeman to the world. Even 
more important, the sheer size 
and dynamic character of the US 
capital market created the illusion 
that investments and moving 
money around were more impor- 
tant than industry and exports. 

The size of the US market cre- 
ated other distortions. Lester 
Thurow from MIT's Sloan School 
of Maiugement makes two rele- 
vant observations. One is about 
Japanese success in bypassing the 
pitfalls of monopolies through the 
keiretsu system. In the US. 
antimonopoly legislation kills the 
incentive to be number one. In the 
evotvmg free world market, the 
reasoning behind this legislation is 
no k)nger relevant. Ar. astute for- 
eign corporation will always be 
there to challenge a US monopo- 
list. Current legislation creates an 
incentive to be second best. 

Thurow's second point has by 
now become a common battle cry: 
the need for laws encouraging 
"patwnt money" that would make 
capital markets less a lottery and 
more an instrument of solid 
growth that's competitive through- 
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mthui the executive branch." 

That's on the mind of William J. 
Fife. Jr.. chairman and CEO, 
Giddioes & Lewis (Fond du Lac. WD. 
one of the country's largest machine 
tool builders. "Look at agriculture." 
he says. "The goveromeot always 
supports it strongly. It put low-cost 
land mto the hands of farmers; it 
established land-grant colleges: 
wheat, peanuts, milk. com. and other 
goods are protected through price 
regulation; and agriculture even has 
Cabinet sutus. All this effort goes 
into a portion of the economy that 



accounts for only 2.9% of our gross 
domesuc product today. 1 don't want 
to downplay the importance of agri- 
culture, but manufacturing is ikt larg- 
est sector within our gross domestic 
product." 

Pnnceton's Blinder has a different 
view on a nanonal mdustna] policy. "I 
can't imagine a government structure 
less Ukely to succeed with such a 
policy than ours." he says. "Here's 
the kind of country in which it could 
work. 

"First, there should be a rough 
national consensus about what must 



out the world, not just m the US. 

The size of the American &nan- 
cta! world is still beguiling. The 
size of the ,'\merican market is siJl 
coniusmg: why seU to a foreigner 
who speaks a different language 
when there is a customer next 
door? Japan and Germany never 
had these dilemmas. For them it 
was always clear that exports 
were the key to survival. 

Things have changed in the {ast 
decade, but American msulanty is 
stiU a powerful and impeding fac- 
tor. The words that descnbe the 
debate over industrial policy are a 
giveaway. Peopie talk of the need 
for a national policv. while what 
they really need is an intemauonal 
policy We have proo! of the higher 
survival value of export-dnven 
economies. Any manufacturer 
with a stake in the blossoming 
East Asian markets is now enjoy- 
mg a helpful cushion agamst the 
doldrums m the t'S and Europe. 

Another popular misconception 
(S a strong educational system 
from kmderganen through univer- 
sity IS a key to a nation's ability to 
Survive in the new world of export 
industries Real quality of life 
denves from exports, not schools; 
knowing is no sut)Stitute for doing. 

The casualties a:e your chil* 
dren. who are growing up with the 
gloom of lower expectations, fac* 
mg less work m manufacturing and 
nKire in services When people 
talk about the changeover to a 
service economy, they gloss over 
the fact that there has been hardly 
any rise in productivity in services 
during the past 3U years. In a 
service economy, expectations 



are mberently limited, in brutal 
terms, it means selling fewer cars 
Chan the Japanese while trying to 
make more money out of the Jap- 
anese tourists \isiting New York. 

With the misconceptions about 
service industries and education, 
plus the umon approach of getting 
higher wages without waiting for 
more cars to be sold, it is not 
surprismg that America thinks it 
has hit hard tunes. If size and 
wealth have become a disadvan- 
tage, however, they can be turned 
around agam. The vast market and 
genera] acceptance as the world's 
leider are powerful aids. All you 
need is a few simple conceptual 
tools and goals on which to focus 
your tremendous energy. 

The US leads in aerospace, 
chemicals, and many other mdus* 
tnes. You must make further 
progress to strengthen positions 
in which you are already strong, 
focusmg on expons and making 
better products at a cheaper price . 

Nobody can compete with 
Americans in the spons they 
really like. Make expons a spon- 
mg game and world competition a 
nval team. VVhen the top exponer 
gets Superbowl attention, you will 
have won the game. This means a 
poorer government and richer 
people who. tike a winning team, 
have the strength and agUity to 
adapt quickly to changmg situa* 
tions. It IS also a basic condition of 
freedom and democracy. 

Suf Wtrtketmer 
Ckatrman 
Iscnr Ltd 
Ttftn, Isratl 



be done, the direcuon the nation 
should go. We don't have that yet. 
Second, there should be a political 
mechanism able to promulgate such a 
consensus, translate it mto laws and 
institutions. We don't have that. 
Third. tbepoUucalmsDtuuons should 
be nationally rather than locally ori- 
ented: politicians should believe their 
job IS to further the national mterest, 
not the interest of the l3th district of 
Texas. We certainly don't have that. 
Fourth, we should have an effective, 
independent, smart professional gov- 
ernment agency free of political mter- 
ference to translate this broad man* 
date into specifics. '.Ve don't have 
that, either. Finally, there must be a 
tradition of cooperation between gov- 
ernment and mdustry, so industr>- 
doesn't view government as either a 
nuisance that it must get rid of or a 
feecling trough. Does this sound like 
reality m the US?" 

The future of US manufacturing? 
Burstein sees two scenarios. "The 
better case is the decision makers 
will hear the wake-up call and get 
moving There will be new capital 
investment in plants and equipment 
and new human resources policies 
that bnng in highly qualified factor>*- 
floor speculists, and these profes* 
sionals wtU participate substantially 
in product design. Ironically, per- 
haps, the biggest savmg ^race will be 
that Japanese companies will con- 
tmue shifting their manufacturing to 
this country, together with their 
management and process/ equipment 
approaches. Japanese transplants 
and Japaness-Ajmencan loint ven- 
tures will significantly reno\'ate facU- 
(Ues and adopt new ways of copmg 
with industrial challenges. I hope 
they'll bring more of thetr better stuff 
here than they have so far. 

'*The worse case is we don t 
respond and there's a continuing ero- 
sion of competitiveness. It won't be 
apocrlyptic: manufacturing won't dis- 
appear m America. This counir>' is 
too big. the manufacturing base too 
large, and the domestic market too 
great for it to be lost completely. 
Nevertheless, we could see a signif- 
icant deepemng of the curve of lost 
competmveness." 

"We're not going to drop into the 
abyss. "adds Lester, "but I have little 
hope (or the short term because too 
many US policymakers don't yet per- 
ceive the situation as a full-fledged 
cnsis. The problem is insidious." « 
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When the Hudson 
Institute published a 
book over five years 
ago called Workforct 
2000, a study done 
for the US Department of Labor, 
researchers, pundits, and after* 
dinner speakers made its tide a 
buxzword (or trouble ahead. The 
book offered three visions of the 
economy at the turn of the century: 
the surpns«-£ree sceoano. in which 
the economy and labor force grows 
slowly, with unemployment at just 
over 7%: the world'deflation or 
slobal>recession scenario, with over 
9% unemployioent! and the tecfaoolocy* 
boom scenario, where growth 
rebounds to post- World War 11 levels 
and uoemptoyment drops to 5.9%. 

Whichever view you chose, you 
saw the manufacturing labor force 
shrinking both ibsolutely and rela* 
Uvely. though producuvity could rise 
through new technologies and man* 
ufacturing systems that improve 
quality, cut costs, and raise output. 
Hus predicti03 was based on what 
Hudson called the Rve Demographic 
Facts. 

• T)u Skrmktng Pool. By 2000. 
the population will probably be only 
15% greater than in 1985. US Bureau 
of Labor Statistics estunates range 
from a conservative 7% growth 
(based on low fertility, high death 
rates, and few immigrants) to 18% 
(based on the return of Urge families, 
lower death rates through advances 
in cancer and AIDS treatment, and 
many immigrants). "Throughout the 
70s and early '80s. the US managed 
to sustain a nsing standard of living 
by increasing the number of people at 
work and by borrowing from abroad 
and from the future." says the 
report. "These props under the 
nation's consumptioa wUl reach their 
limits at the turn of the century." 

• Mort Oldtr Wofktn. As the 
population (and workforce) average 
age nses. the pool of young workers 
shruiks. la 1986-2000. 3«» more 
people will be m age group 35-47. 
67% more mil join age group 4S-S3. 
At the torn of the century, only 13% 
of the population will be young (20-29 
years). Workers' ages trKk these 
trends closely. In 1985. 38% of the 



workforce was in age group 35-54; 
25 million woilcers, half the pie in the 
standard chart, will join this group by 
2000. 

• Mort Womtn, There will be 
more women workers, though the 
rate at which they join the workforce 
will taper off. 

• Man Minontus. Minorities will 
make up a larger proportion of work* 
ers than in the past. 

• Mort Immitrtatts, More new 
workers will be immigrants than at 
any tine since World War I. 

T1l»SMiiQll9 

What will it cost to train these new 
workers—the "oontraditiooal" ones? 
What will it cost to retrain those now 
on the job? Nobody knows. We don't 
even know how much industry 
spends on training today. The 
National Association of Manufactur* 
ers (NAM) says $30 billkn annually: 
the American Society for Training 
and Devek)pment says $50 btUioa. 

Though the federal government 
has no reliable figures, the Presi- 
dent's Council on Competitivenesa 
does estimate the cost of dosing the 
"skills gap." The pnvate sector's 
training efforts, whidi now affect one 
of every 10 workers, would have to 
reach three of every 10. The price 
Ug: $88 biOkwi. 

Why is the bill so high? The sa< 
tisucs are familiar but still horten* 
dous. The Bureau of the Census tells 
us that one out of four births in the US 
in 1990 was illegitimate. Broken 
down by race. 57% of births to bUck 
women. 23% of births to Hispanic 
women, and 17% of births to white 
women were iUegitinute. Over two- 
thirds of births to teenage notben 
were illegitimate, and 90% of btrths 
to black teenagers were iliegittaute. 
Babies bora out of wedlock are Ukely 
to be poor and disadvantaged, but 
babies born to tecnagen are at the 
greatest risk, so these figures are 
benchmarks for trouble in the 
workforce of 2010. 

As for txKipie on the job today, 
with one of eight employees reading 
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at no better than fourth-grade level 
and one in five reading at eighth- 
grade level, the piaure isn't rosy. 
There could be as many as 27 million 
illiterate and semiliterate adults and 
four million with under 5 years of 
school. The NAM expects US 
employers will soon be hiring a mil- 
lion workers a year who can't read, 
write, or count adequately. Those 
already at work will have to be 
retrained— all 30 miSton of them. 

It won't get better. The NAM 
pointed out in a 1990 report. Amn- 
icM's Wcrkfortt m tkt 1990s, that "as 
jobs grow more demanding, educa* 
tioo aad trainiai deficiencies wih con- 
tinue to cause a fuadamental mis- 
match between jobs and workers that 
win necessitate s r-ibttaBtial ezpan- 
aioa In corporate tnitting." 



Maoufacturen are showing grow* 
■4 coftcern over woricforce manage- 
neat btcaose oi the skills gap. Two- 
thirds of NAM members surveyed by 
Towers Perrin last November 
reported "some current difficulty" 
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filling professional jobs; 57% 
reported difficulty filling technical 
jobs, and 52% rcponed some diffi- 
culty finding skilled craftspeople. 
NAM members expect these shon- 
ages 10 ease in five years: the per- 
centages drr.p to 47%. 39%, and 
33%. respc^.tively. 

Asked what workforce issue was 
.lost important in corporate plan- 
ning, members indicated powerful 
concern for the kind of worker hired. 
That issue outranked even labor 
shorUi?e. Why? "AJihough the growing 
number of women, minonties, and 
immigrants in the workforce was not 
the subject of this survey, it is an 
issue that casts its shadow on the 
problems of labor shonagesand skills 
gaps " Yet it IS extremely imponant 
to tap these non traditional groups in 
limes of shonage There are "ielf- 
mierested reason*." says the NAM 
It buunds as thouKh we'll hear a lot 
about managing diversity in the next 
decade. 

If you work in California for a 
hiKh-tech company like TRW Space 
and Defense (Space Park. CA). how- 



ever, diversity is a fact of tife. and 
William IzabaJ is the diversity man- 
ager. As such, he iold the Nauonal 
Action Council for Minoriues in Engi- 
neering (NACME) recently, he deals 
in facts, not feelings. Facts mean 
demographics. 

"There are some nonbelie%'ers in 
the company," he says, "so I give 
them demographics for the Los 
Angeles labor pool that we draw on: 
30% of the population Hispanic, 1 1% 
Asian, tl.2% black. 39.7% white." 
The K-12 school population is 58% 
Hispanic. "That's the workforce 
coming up today, not years away. "he 
says. TRW's own demographics 
reflect the change: on the technical 
staff today 45.6% are nunonties; in 
the overall space/defense workforce 
at TRW. a third are minonties. "You 
don't Ignore numbers like that." 
Izabal tells managers. 

Over in Palo Alto, at Hewlett- 
Packard. John Lynch has the title of 
i'orporate manager for Equal Exnploy- 
ment Opportunity/AffirTnative ActMn/ 
Diversity, which nicely reflects 
changing concerns of employers over 



the decade. Diversity management is 
a pnonty matter at HP: CEO John 
Young put It on his lis', of top 10 
strategic objectives in 1989. 

"Diversity is a business issue.'" 
Lynch told his NACME audience. "It 
takes S5O.00O-$l00.0O0 to get a new 
engineer up to speed. You invest six 
to seven years in training and devel- 
opment. Without opponunities. that 
person will leave, probably in the 
sixth to tenth year of employment — 
those are the crucial years. " HP finds 
the most vulnerable group to be 
women and mine ri ties with advanced 
degrees. 

En high-tech companies all over the 
US. diversity managers face a major 
obstacle, however: workforce 
downsizing and flattening of manage- 
ment layers. It's not enough to hire 
someone and gjve him or her a pay- 
check every month. Lynch says 
"Diversity management means 
retaining, developing, and promot- 
ing. It means an action program in 
which all maxugers play a role. ' 

What's the solution? Every corpo- 
ration has a culture. Find out how it 
works, and then make it work for 
these nontraditional employees. 
"The most frequent reason female 
professionals and managers give for 
leaving is exclusion from the old -boy 
network," says Iiabal. His studies of 
TRW produced an interesting fact: 
employees central to sooal networks 
in an organization tend to be seen as 
influential and get more promotions 
than others. So it follows that engi- 
neers and scientists who become part 
of that network are more likely to 
stay with the company and be pro- 
moted. 

'At cenain levels, in companies 
like ours." says Lynch, "the technical 
skills art! there." What's missing for 
women and minorities are non- 
technical, "soft" things like visibility, 
relauonships with key senior manag- 
ers, suppon systems, good advice 
about when to move to another job. 
"You have to measure these soft 
things," says Iiabal, 'because they 
determine whether an employer is 
preferred by this new workforce. " 
When good technical people are in 
shon supply, employers like TRW and 
HP -fant to be preferred. 
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ClUKM Ofl th« 

Tnrininc Sc«n« 

We don'i have a 
national industriaJ 
policy (except by 
default) to guide a 
monumental elfort to educate and 
train the workforce of the next cen- 
tury. We don't have a national edu- 
cation system, a national apprentice- 
ship system, a national cumculum. 
Given these facts, it's probably just 
as well that we don't have a national 
competence test to tell us how bad 
things are. 

Billions are spent and no one is 
satisfied. John W. Sinn, protessor of 
manufactunng technology and asso- 
ciate dean of the College of Technol- 
ogy at Bowling Green State rjmver- 
sity (Bowling Green. OH), descnbes 
the chaos: 

• Little or no coordination among 
primary and secondary schools, two 
and four-year colleges and universi- 
ties, and graduate schools 

• Little connection between edu- 
cators and business, though busmess 
ts education's customer 

• No linkage o( math, saence. and 
technology in technical programs 

• Obsolete equipment and obso- 
lete instructors on campus 

• Inflexible bureaucralized and 
politicized educational structures 
from state to local levels 

• Overlapping and conflicting 
technical and professional groups, all 
busy with turf battles rather than 
useful agendas. 

TTie result, says Sinn, is "much tech- 
nical education IS isolated, disjointed, 
out of date, and irrelevant to the 
needs of a technological culture " 

jerry L. Monson has a name (or 
what Sinn descnbes He says there's 
been a "paradigm shift" in manufac- 
tunng that neither educators nor 
manufacturers yet understand (see 
tables, pp. 52. 54). He's been pon- 
denng these issues since he left a 
metal fabncatmg company to become 
vice president for customiicd train- 
ing at Minnesota Riverland Technical 
College m Owatonna. 

From the perspective of three 
decades of manufacturing experi- 
ence, he looks out over the campus 
anC sees flux. "The distance between 
management and shop floor is shnnk- 
mg fast. The skills once specific to 
each group are beginning to blur and 
meW." Shop floor workers now need 
to read, write, communicate verbally 
with each other and m groups, col- 
laborate, handle statistics, and use 
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computers. 

The pressure on educators to 
meet these new demands is intense 
and will only increase, yet schools 
resist. "The t>T)ical educator on the 
front line." Monson concludes, "has 
not yet realized that his competitor is 
not at the college or university next 
door but across the ocean.** 

CMckMorEgf? 

One such competitor in the high- 
tech area is Waiter Ebersheim. who 
occupies the chair for manufactunng 
engmeenng at WZL (Laboratory for 
Machine Tools and Manufactunng 
Engmeenng). Aachen University of 
Technology (Germany). Ebersheim 
has been watching the US system at 
work over several decades and is still 
astounded. In the mid and late '60s. 
when groups from the US came tn 
look at the German educational sys- 
tem, professors would complain to 
him that in the States they couldn't 
get research contracts from industry 
because industry said they had no 
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reputation. How could they gam 
industry's confidence if they never 
got a chance to show what they could 
do? Ebersheim calls this :he 
"chicken-or-egg" problem. 

Though Ebersheim has been lis- 
tening to these complaints for 2(} 
years, he is still amazed at the results 
of the deadlock. He remembers com- 
ing to the US in the 'SOs to work with 
MIT and looking into the teaching lab. 
"I found a machine toot museum!" .\ 
few years ago on a California visit he 
discovered that the lab at Stanford 
University had just acquired its first 
NC niachme tools. 

At the tune of his Stanford mit . by 
contrast. Ebersheim and his col- 
leagues back in Germany were hard 
at work on a CIM cumculum to be 
taught in a university-run CIM fac- 
tory. Students would conduct indus- 
trial projects as they were trained m 
advanced technologies, designing a 
part, creating a program to make it. 
mcatare it and test it. order maten- 
als, schedule, and assemble. 
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StfCause \.1M 
demands tlexibiJ- 
uy 3bove all <and 
humins are :he 
mo j t flexible 
resource • . 4 nd 
Uielong learning a part 0: liermanv s 
.cdustnai puUcy the new cIM ;ac- 
•orv proNides for workforce upgrad- 
.Cifl Workers wiU hit the campu* dur- 
ing v:hool vacaiions in groups, work 
•n 'he tacior>' 'or a *eek or two. 



return to their corr.panies. ^nd come 
back iijain as needed 

Even in Germany, where the 
mdusinal pohc>* gives pnonty to CIM 
and lifelong leammg. college profes- 
sors cam create such projects by 
decree. Ebcrsheim vays an intense 
lobbying eifort at federal ministnes ot 
economics was needed. <Note ihat in 
Germany creauon ot workforce skills 
IS an economic matter, not an edu- 
cational one.) In the end. the most 



^vmpattietic otficiai$ were <r. 
Hannover, and the faciory is nsing 
there. Hannover worked out the cur- 
nculum jointly wuh .Aachen ana tne 
technical universit% in Geneva. Svv;c- 
zerland. where Ebersheim holds a 
teaching post. 

Partnerships, savs Ebersr.eim. 
can get away from the paraiyznt; 
question. "Who takes the first ^lep " 
In 1975 WZL sent experts 10 Colom- 
bu and Brazil to establish ^uch a 




m» ir P^utttt. thread oith»pnecm- 

-? ^'..i r with wccte of jjpMMC- 
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m% am. 'c. ■''Ct:.' '■ cso. the Fajdtu ^j-^ltarvm^ mm 
ttnao wtuwi CoKtu {uciJur ud nccedury thafs. Wh«a 
he rome« borne this year he'll be headins to 
fbchaidsoa TX. to help set up Fujitsu Amcnca's new 
'^■dO-cntliioQ teiecommumcatioas Ttumhcxxnm^ ptwC 

MANtTFACTVRlNG ENGINEERING aUed Milkr 
to share hismstdc viewof tJus high-tech Japanese firm. 

ME: kiud of tngtnttrs don Fujttsu kin? 

Miilcn AJmost all icaiiufactuniif engineers here 
come n(ht from schoot. mth no knowledge of our 
products or production tcethodt Most graduated from 
the specialty high schools, very few from four- 
veax-coilege programs. Advanced degrees are rare. In 
a manufactunng engineenng department of 300, you 
probably won't fiod one person with a graduate degree, 
though you might find a few in product engineenng 

ME; M^l o^m/ tkM plant floor* 

Miller Most production workers come out of the 
sURdard high schoots A small percentage come from 
the speculty high schools, and a few support suffers 
rome from four -year college programs. 

ME TMm mMat's Ik* carttr pclk? 

Miller A college graduate might move into quality 
control, ounufactunng engineenng. or a fast'track 
vectioft within a production department. .\ htgh-school 
.(raduate imitht go nghi to the plant floor, perhaps 
moviig jp i« group leader or even supervisor 

ME: How stlecttvt ts the company tn ktnng^ 



t JSfinv ^^pttpi^ittnt ott titt job? 

E t» » four-step procesSv I see it 
txMt aU tbe time. (1) Each 
tkpic ta M n tsr wti ciilyidCTCifies technologies and 
tedaical kaowtcdfe tint mate be mastered to suppon 
new cwnafictiinngSTStcaM; (2) cenain staff members. 
areaMiflnedtbejobof ac(|«ractbe new knowledge in 
depth; (3) once that's doM, the entire staff begins to 
p racti ce creating* intaUiog, debagginif. and support- 
ing thr txw system^ (4) tbe department now begins 
a sene» of technical coUaboratioQ* with machine and 
instrument maJters, other related hardware and soft- 
wire vendors, oc the compao/s own research tabs when 
they are the source of new t nad ines or methods. Vendors 
and staff eugineen are sitting at tables ponng over 
sper^catuins and design details all the time in our 
tie^rtrtmeot. bringing in expertise. 

For example, one person— or a small number of 
people— in the manufacturiiig engineering department 
might focus on a hardware or software development 
project for several months or longer, all low key . while 
other people m the section busy with their own work 
pay little attention. If it's dear six months later thai 
this smiU development effon will let the staff do 
somethng new or make an cmprovement. more people 
get mvolved. and the effort intensifies. 
ME: Art tktrt Ussons km? 
Miller Yes. When development work goes on in 
the factory side by ssde w.ih everyday production, 
when learning new things on the job is part of the 
normal work routine, and when people are given time 
to learn those things, you get amazing results. People 
who came into the company with no special education 
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partnership. The Aacheo p«ople set 
up a manufacturing engineering pro- 
gram, msulled equipment bought 
vnih a mulumiUion-mark donation 
ftom the German government, and 
told their partners to say. when the 
chicken-or'egg problem came up. 
"We don't have the expertise to do 
your project alone, but our partner in 
Aacheo does." lo the process of sell- 
ing your partner's expertise, he says, 
you acquire what you lacked at the 



be ginning . 

tn short, it's time for Monson's 
new paradigm to show itself— for US 
educators to stop blaming each other 
and start talking to industr>'. and for 
US industry to stop blaming educa- 
tors for workforce delidts and stan 
caikmg to the schools. Even if you 
give up on the kids, educating adults 
on a lifelong basis for chaagmg tech- 
nology means the two wiU have to get 
together sooner or later. Are we 



going to keep asking who's going to 
go first? 

intfiMtry-EducatSoii AIIImcm 

Don't hold your breath waiting for 
a national education agenda. Don't 
expect President Bush s Thousand 
Pomts of Light to wink on in time to 
light up manufacturing's needs. 
Henry P. Conn, who heads A.T 
Kearney's Total Quality Manage- 
ment consulting practice and has 
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ating su£ge«cioo» for product or p«occM fl 
or cost reductioi}. with suppoct staff cowtanclrenlr 
uating and following up> At the piant-fSocr lerel;. the 
staff can pursue any saggesboo it wants. Tine's wtat 
cuma ideas into improvements. Our maanfacturlns 
group 13 DO different: our job it to bvild products, meet 
delivery dates, and make impFOTcmcots. 

ME: Any tips about working in Uams? 

Millen Not one. I discorered that no one talks 
about teams here. No oae has philosophic argoraents 
about who should be involved in a group. If you assume 
no one human ever has all the information needed to 
solve a problem, you know the process will take place 
m a group. If the work group doesn't hare the ezper* 
use. you look outside it and pull the nght specialties 
across the boundaries. Group activity itself doesn't 
strengthen expertise or generate it. 

ME: // US compcntes start borrvmngfrom Japantsi 
work atylts. wtll tkt ME's roU b*comt mort important? 

Millen [ think that's wishful thinking. The manu- 
tactunng engineer becomes more unportant m a com- 
pany only when everyone in that company, from the 
CEO down, believes manufacturmg power is impor- 
tant. The pecking order here is not so different from 
plants at home: the top executives all come from 
design. What's different is the people in manufactunng 
aren't on a track— fast or slow— to anywhere else. 
Power builds through expertise, the company says, so 
the engineer with 15 years' expenence is more pow- 
erful than one with five. 

ME: Sptaking of poteer. kow about finanaat power 
m ike compmny? 




MOnr Tie mapufacturigf mscagers are the finan- 
cial heaTyweights. Everyone does budgets, cost 
accountmc for actirities in the group, planning for 
machine investicetit and depreciation. They funnel 
those data to the ceatiaJ accoanting group in the plant . 
which keeps a tow pro6fe. All the executives under- 
stand that wtten you're coostafttty pushmg the perfor- 
mance envelope, yoa moJit get new automation. 
Sophisticated cost accountiai doesn't build better 
products. People here keep cost justification simple, 
so design and manobcturing staff can focus on reduang 
cost. time, and defects. 

ME: Fujitsu mftsttd m ymu. Is tits company worried 
about It? 

Millen Our markets are down now. and cost- 
cutting p.'essure is intense, but I'm not affected. The 
company said I'd be here for 2'/^ years, so 111 be here 
for 2V2 years. 

I'm finding out how this company keeps things 
moving through organizatioMi and individual willpower 
and commitment. That's enough for Fujitsu. But 
remember— I'm a coAege professor. I'm sure reality 
will hit me on the bead when I amve at the plznt in 
Texas. 
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recorded a some- 
what apocalyptic 
vision in a book 
I called Wcrkptace 
\ 2000. believes 
that would be a 
waste of lime. "Our educational sys* 
lem has always been parochial, frag- 
mented, and selfish." he says. It's up 
to local businesses to get together, 
take on a few kids apiece, and try 
something new. 

Solutions have been percolating up 
from communities, regions, and even 
state capilols. not down from the 
federal government. Local alliances 
are being forged: community 
resources— however unsatisfactory 
they may look at first glance— are 
being tapped: regional coalitions of 
economic development groups, busi- 
nesses, and schools are forming: 
industry is bankrolling high-tech 
iraining centers on campus: pay- 
for-skills or pay-for- knowledge pro- 
grams are blossoming. That's the 
.Amencan way: 240 schooldays a 
year, as m Japan, is definitely not the 
American way. 

Companies with skills cnses on 
their hands, like VVill-Burt Co. 
'Orrville. OHi. a fabricator of 
machined parts for Volvo. Mack, and 
Raytheon's Patriot Missile, must act. 
They have no time to blame the 
schools that didn't teach Johnny to 
read. Will- Burt, facing liquidation 
because of product liability suits, 
took a close look at its workforce. 
Like many manufacturers with qual- 
ity problems, the company hadn't 
realized the size of its skills gap. It 
found workers using bluepnnts who 
couldn't re^d them and workers using 
scales who couldn't understand the 
readings. The company teamed up 
with the University of Akron to 
develop a math-literate workforce. It 
now has a premium-quality product. 

Not ever^'one turns to the schools 
first in a cnsis. Another auto parts 
manufacturer. Plumley Companies 
(Pans. TN). knew how poor the gen- 
eral education system was around its 
plants in western Tennessee and 
northern Mississippi, so it led the 
assault on educational problems 
inside and outside the plant. Manage* 
ment began with the basics: teaching 
workers reading. wntinK. and math. 
Now there's a plant staff nf teachers 
who prepare workers for certification 
as quality entoneers and technicians 
and Kive courses (or the GED. At the 
same time, the company ii» highly 
visible in the education system, with 
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a nock of employee* volunteers acting 
as substitute teachers in the local 
schools and serving on school boards. 
In fact. It's one of only 16 companies 
to win the US Department of Labor's 
award LIFT (for "Labor Investing for 
Tomorrow"). 

Bill Lewis, who heads the machine 
tool technology department at North- 
ern Kentucky State Technical School 
(Covmgton). firmly believes in stra- 
tegic alliances with industry. The 
tnck IS to get a core group of the right 
people to work with you. Then they 
can recruit others. He set up an 
advii»ory committee for his program 
composed uf people from four key 
Cincmnati-area companies: Kennt- 
metal. GE Aircraft Engines. Maxak. 



and Cincinnati Milacron. 

The group now numbers 18 and 
represents a cross-section of the 
greater Cincinnati precision meiai- 
working industry. It incorporated as 
a nonprofit organization (to bypass 
educational bureaucracies) and 
started offering courses in skills area 
workers needed that were conve* 
ment and cheap: 20 hours of statis- 
tical process control training for 
$100. 2S hours of geometnc dimen* 
sioning and tolerancing for $200. 
Courses were up to date: the GD&T 
teacher was a General Electric 
employee, the SPC teacher worked 
for Ford, a iramer from .American 
Society for Quality Control taught the 
quality course. 
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g^^^H Wich alt 
^^^^^1 tuition money in 
^^^^H haod. the conunit- 
H^^^H tee put OQ s recnat- 
^^^^H ing biicz. producing 
^^^^M a Sock of gjossy bro- 
chures, roe<la ads tor the prograra. and 
a fki. impressive ring bnder with color 
photos U trainees at work on shmy 
high-tech equipment. lists of precision 
metaiworidog job requirements and pay 
scales, answers to quesuons about 
careers— even a video bound into the 
cover. Every high school counsek)r m 
northern Kentucky got a binder; every 
high school graduate m northern Ken- 
tucky got a set of slick recruitmg bro- 
chures; everybody who visited the Cin- 
annaa cor.vent)on center for a sports, 
boat, travel, even a home and garden 
show saw the comnvaee's booth. 

John Sinn, who has a smular suc- 
cessful advisory group at the coUege 
level at Bowbng Green State, says 
you don't need a board of overworked 
and umnterested executives per- 
formmg a "community service. " You 
need a working board that meets 
once a month or so. with almost 
every member m attendance, that 
teally works for your program all the 
time, even traveling to the state cap- 
iiol— or Washington— to lobbv. 

"l don't think the universities or 
industry have yet come to gnps with 
urhat the manufactunng discipline will 
be in the '90s. much less in the lirsi 
two decades of the next century." 



says James Duderstadt. | 
president of the Univer- 
sity of Michigan (Ann i 
AsioT) and an engineer. 
"In the •90s well find out 
more about what the 
manufaauring engineer 
reaDy is.** 1 

Duderstadt's advice? I 
"Get the broadest possi- 
ble education now. I don't 
mean taking more sd' 
ence and math. I mean 
liberal education. Avoid 
spedabzatxKi as much as 
you can. The techooiogy 
is moving too ^t to keep 
up without constantly 
upgrading skills. Our 
engineers shift out of L 
engineering in about 
6ve years if they don't. 
They nugrate to mar 
keitng, management 
or elsewhere." 

Kearney's Conn agrees. "Being an 
engineer is not good enough. When 1 
was in engmeenng school we took 
engineering English, engineering 
economics, engineering ethics. Why 
not' We were engineers, after all. 
The -ME of the future won't focus on 
m»rhif»fr uttlizaiion and tbcr content. 
We don't need narrow skills: we need 
multifunctional people," 

There's another factor here that 
makes Conn's and Duderstadt's 
advice even more meaningful: 
recruitment. Students are being 
dnven away from engmeenng by the 



fragmentary and repetiUve approach 
schools favor. Dean Ementus Joe 
Bordogna of the University of Penn- 
sylvania (Philadelphiat told the 
National Society of Professional 
Engmeers board last year. They are 
repelled by curricula that promise a 
steady d>et of the same subjects thev 
studied m high school. Only at the 
end of the engineering education pro* 
cess, if at all, do students finally see 
the interconnections among special- 
ized areas of knowledge. 

The result? Engmeenng gradu- 
ates with no expenence in mak- 
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ing connections 
unoQg seemingly 
different dis- 
covenes. events, 
and trends— wih 
no synthetic skills. 
Eveo more serious, siid Bordogna. is 
the effect the5e graduates have on 
US maQuiacturing compeuuveness. 
"The mabilily to look at technotogical 
developtneot as a whole is the prune 
reason why US manufacturers can't 
get competitive goods out the factory 
door." 

How would this new curriculuffl 
work? Students would be confronted 
with hands-on acimues nght from 
the start, said Bordogna. They would 
ieam to define problems, consider 
alternauve soluuons. and expenence 
"the excitement and frustration 
caused by creauve design, limited 
knowledge, and open-endedne' - m 
creating a new product or sys: ti." 

There's another advantage of the 
approach, said Bordogna: "The tough 
courses in science and math that 
would follow these hands-on experi- 
ences, the ones that dnve many an 
engineering student away, would no 
longer be taught in a vacuum." By the 
ume they came along, students would 
see the connecuons between these 
fundamentals and the goal they'd 
see the relationship of process and 
pnnciples he feels is so crucul for 
enpneera in the next decades. 

tlw ME [fi Foitf • Futef* 

Ford Motor Co. seems to be on 
dordogna's wavelength. The com- 
pany descnbes the manufactunng 
engineer it needs to handle its future 
factones in one word: "integrated" 
•Its report is titled "The Need for an 
Inte^^ted Engineer in the 1990s'*). 
This conclusion doesn't represent a 
consultant's vision. Ford deeded to 
go out to the plants and ask the 
workers doing its jobs to<iay what 
skills they needed now and what skills 
they would need in five years. 

People from plant manager and 
chief engineer down to entry-level 
engineers and production and main- 
tenance supervisors gave interview- 
ers their skills lists. If at least half the 
employees doing a job said a skill was 
mandatory, it went on the offiaal list. 
The skill categones for Ford's MEs 
now form a bluepnnt for the com- 
pany, hasic engineering, matenal 
handlinK. nnanceA>usiness. quality, 
plant cnKineerinK. personal comput- 
ers, safety, supervision, interper- 
sonal, maintenance and production 



practices. Ojt of these Ford picked 
three key categories. That basic 
engineering was one is no surprise, 
but look at the other two: quality and 
mterpersonal. 

How will Ford of the future be 
different? The manufacturing engi- 
neer will work much more closely 
with product design engineers and 
communicate with them on the same 
technical level, like it or not. The 



goal, says Ford, is not to make a 
designer out of the ME but to make 
the product the highest quality and 
the lowest cost. Tha^ means talking 
the design people's language well 
enough to exert strong influence at 
the point when most product cost is 
established. 

Ford antiapates the shift m the 
ME's role on the plant tloor that 
others mention, with technok}gists 



Lemning To Uam: Tomomw's Sunfival Skill 

one. building on the skills Martin had. 
In '89 Maran became a fuil-time stu- 
dent in a tailor-made program, while 
P&G paid his tuition and supplies and 
sent him his pa/check every Fnday. 
Martin hadn't done homework in 



US Departjnent of Labor/Amen> 
can Society for Training and 
Development researchers 
expected a long wish list of tech- 
nic skills in the late '80s when 
they began a nujor study called 
Workplact Basics: Tkt Skills 
Bmploym Woiit. They got a sur- 
pnse. The most bat«c skill employ- 
ers needed was "learning to 
learn." James F. Barcus. Jr.. in a 
president's message to SME 
members laat fail, called it "the 
tifeUood of manufacturing, possi- 
bly manufacturing's No. I prior- 
ity." It's certainly tomorrow's sur- 
vrval skill. Here's a look at some 
survivors. 

Henry Martin has worked at 
Procter & GamUe's plant in St. 
Benurd. OH. for 25 years. He 
was a loader when a maintenance 
machinist job opened up— a good 
job, an interesting job. more 
money. He had the seniority but 
not the trauung. P&G. which had 
recently restructured its plant 
around teams and technicians, 
deeded to help Martin, a hi{^- 
school graduate, get up to speed. 

P&G staff and people from 
Northern Kentucky State Techni- 
cal School, nearty in Covington, 
collapsed a two-year prognm into 




25 years. The kids in his welding 
class were his own kid's age. Tngo* 
nometry almost killed him. Worst of 
all. his son. who had just gone off to 
college, started coming home on 
weekends to give him advice. "When 
I fell asleep on the bed doing home- 
work." says Martin, "he'd wake me 
up and tell me to sit at the desk to do 
it— just what I used to tell him. It was 
comic!" Meanwhile, he had chores to 
do along with that trigonometry— he 
raises beef cattle on his farm out in 
the country. Now that he's back at 
P&G in that machinist job he wanted . 
he's thinking about going back to 
school on his own. Whether he does 
or not. he's learned how to learn. 

Teresa A. Browiting has two 
grown children, two horses, a 3.3 
GPA. and a Myrtle and Earl Walker 
scholarship from SME. After auditing 
iax returns for the State of Indiana 
Department of Revenue for 20 years. 
"I had a job. not a career. I didn't 
know what career goals were. So I 
took a chance." She quit her job. took 
her retirement money, and invested 
It in herself. 

In May '93 she'll 
graduate h^om the CIM 
Manufacturing Tech- 
nology program at 
Indiana University- 
Purdue University at 
Indianapolis. Why 
CIM? It promised van- 
ety and hands-on. she 
says, and it's delivered 
(the photo shows her 
at her co-op job at 
Allison Gas Turbine 
with designer Madhu 
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coming to the forefront as supervi- 
sors. MEs will need a four-year 
degree in engineenng or technology. 
The name of the degree— manufac- 
turing engineering or mechanical 
engineenng or technology— is not 
the issue. Skills are the issue. 

Ford's "generic profile" of the ME 
of the future is summed up in a word, 
"flexibtlity." Achievmg that profile 
will mean self -improvement: "Con- 



tinuous lifelong learning has become 
an essentia) ingredient for the ME's 
personal and professional develop- 
ment," says the profile. "Future 
MEs must be flexible enough in tem- 
perament and skill acquisition to 
adapt to rapid changes m technology 
and business conditions." 

Could this descnbe the 'manufac- 
tunng systems engineer" we keep 
hearing about? As Dr. John B. 



Chattenec at the con- 
trols of his new heat- 
treat equqxDest). Unlike 
Henry Martin. Browning 
found others like her in 
dass. "They cafl us 'new 
majority' students at 
lUP." she »ys. "^e're 
older, we have work 
experience, and we hive 
been unhappy." 

What happens next? 
Shell begin an MBA 
program m August '93. 
af:er that, an MS. 
"now that I've learned to be a 
student again." 

Henry Conn joined Ford 
Motor Co.'s Louisville. KY, 
Heavy Truck Assembly Plant 6rst 
as a student trauiee. then in 1964 
as a manufactunng engineer. Like 
many ambitious MEs. he started 
working on an MBA at mght. It 
took him five years: along the way 
he got a se'.ond master's and stud- 
ied languages. 

When he became manufactunng 
engineering manager at the p'^nt. 
the largest of its type in the world, 
he was ready for corporate man- 
agement, but management wasn't 
ready for him. Coming firom manu- 
facturing as he did. he was toM. he'd 
have to serve another 8-10-year 
apprenticeship at the corporate 
level to move up the ladder. 

Conn had the skills and decided 
not to play the game. He quit, and 
took a job as as corporate director 
of manufacturing for Allis- 
ChaJmers' Siemens division, and 
then moved to TRW asa corporate 
of^cer m charge of change and 
quality. Now at A.T. Kearney, he 
thinks about a future where jobs 
depend on skills and performance, 
not longevity. What skills? The 
ME must know how to "listen, wtne. 




negotiate, cajole. Cadfitate." 

Jrjnea Sheltaberger was a 

machine operator and job setter 
for 15 years in Dana Corp.'s U- 
Joint Division plant m Lima. OH. 
For 10 of those years he went to 
school at night, ending up with a 
handful of associate's degrees- 
business administration, market- 
ing, and production management. 
Meanwhile, he moved around the 
plant every chance he got and 
made no secret of his ambition: to 
be a manager and an engineer. 

In the hard times of the '705. 
nobody heard him except his boss, 
who took time to tell him straight 
out that his chances were nd. That 
made Shdlaberger mad. 

"I was going to prove them 
wrong." he says. "I was gomg to 
make it here, or make it some- 
where else." 

While he was biding his time, he 
bought a PC and kept busy teach- 
ing himself computer language. 
When he saw an ad in the k>cal 
paper for NC/CNC programming, 
he signed up. "At this point, total 
computer power in our plant was 
one PC-XT and one CNC 
machine." he remembers. After 
that class, he signed up for an 
ContiMUtd onpg. 53 



Yasinsky. executive VP for Power 
Systems. Wesunghouse Electric 
Corp. (Pittsburgh), described this njw 
breed at the University of Pittsburgh 
last year, the .VISE will understand 
ihe role manufacturing plays m the 
overall business, lead the qualit> 
dnve. understand how to customize 
products to meet the needs and »uit 
the tastes of users around the norld. 
and know how to make ard deliver 
ihe product competitively. 

In 1987 Westinghouse Electric- 
Corp. helped Pitt create its MSB 
program to serv'e a global market 
Global, high-tech companies seem u» 
prefer broad-based prcgrams like 
these Over more traditional curnvuta 
focused on masier>* of leading-edije 
technology and product-specitu 
skills. Giants like Boeing. General 
Motors, and Eastman Kodak heauK 
support MIT's Leaders tor Manutac- 
tunng master's program, for exam- 
ple. To get multiskiUed manat^ers 
they are willing to provide intern- 
ships and loans of executives 

EngfnMffflf EftifCJrtion: font 
Ymn7 SwMt? A UfctiRM? 

How can the new skills be 
crammed mto the classical engineer- 
ing program? Many observers ->a\ 
engineering programs must he 
expanded. *M don't think vou can pro- 
duce an engineer in four years. * says 
the University of Michigan' » 
Duderstadt. *'I expect the MS to be 
the entry-level degree for the en«!i- 
neenng profession in the *90s. and I 
expect It will take five years to get « 
Four- year programs will be for peo- 
ple who don't want to be engineers — 
people preparing for something else, 
like medicine or law ** Henr>' Conn 
expects to see seven-year engineer- 
ing programs take off. 

Seme, like Marcus A. Clarke. Jr.. 
process manager, manufacturing 
strategy and planning. Ford Motor 
Co., who prepared Ford's analysis oi 
the integrated engineer of the future, 
suggest adding a year but giving grad- 
uates an MS at the end. as schools 
like Rensselaer Polytechnic Institute 
(Troy. NY) do. The extra year would 
allow time for summer internships 
and co-op programs. 

Most educators don't like the idea 
At academic and society meetings 
every year there's talk about revising 
the curriculum to reflect systems 
engineenng, TQM, design for man- 
ufactunng, communications skills, or 
other pnonties-of-the-month. Still, 
according to Neil A. Norman, presi- 
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deni of the Amer- 
ican Society of 
Professional Engi- 
neers, who keeps 
his ear to the 
ground on such 
nutters, no engineenng educator 
involved with accreditation will com- 
mit to a five or six-year requirement, 
nor will the chief engineers of major 
corporatioasr support such a move- 

OppositioD is both philosophical 
and practical. On the philosophical 
front, opponents say it's ndiculous to 
ask schools to prepare students com- 
pletely for tomorrow's factory: cram 
their heads with all the engineenng 
bastes and all the leading-edge tech- 
nology, and then stuff m the commu- 
nication skills, financial and manage- 
ment techniques, international 
insights, ergonomics. TQM. and con- 
flict resoluuon techniques, and then 
maybe shake it al! mto place with 
hands-on expcnences— co-ops and 
interDships. 

Where will you find students will- 
ing to Spend seven years m school to 
leam technology that's only good for 
five? These cntics aJso want to know 
who will pay the bill for more faculty, 
classrooms and labs, scholarship 
funds, housmg. 

Gregg Bnjre. who teaches manu- 
facturing technology at Purdue Uni- 
versity (Lafayette. IN), is one of 
these cynics. University graduate 
programs m engineenng and science 
emphasize mathematical theory 
because they are tailored to the 
needs of doctoral candidates, he 
says. What's needed are programs 
that are better, not just longer. He 
suggests that, instead of more the- 
ory, a graduate program focused on 
one technology or one industry wou!d 
give students a good grasp of rele- 
vant busmess issues while explonng 
the technology's engineenng issues. 
Clarke also likes the idea of longer 
programs in which students study 
key technologies like control theory 
or computer system development 
on a graduate level after mastering 
the basics. 



mid to be replaced by a structure 
more like a rectangle made up of four 
groups of about the same $i2e 

.\t the upper level, people with 
advanced degrees in engineenng and 
business vnU manage and oversee 
manufacturing operations. "MBA and 
finance types will disappear rapidly 
from this level of management." says 
Dudersudt. "It's unthinkable that 
anyone without a strong technology 



background— and that probabiv 
means an engineenng degree — ivill 
be put m charge oi a manulactunn? 
enterpnse." 

.At the next level, we find MEs 
responsible for designing and inte- 
grating the manuiactunng proce»». 
Reporting to them are the engmeer- 
mg technologists la relativelv new 
specialty) responsible for the 
machines themselves, .At the tourth 



Debates over curricula must 
reflect the fact that the technical 
workforce of the '90s will no longer 
be a pyramid, with one person at the 
top. below that field engineers and 
technologists, and then a herd of 
unskilled workers making up the 
base. Duderstadt expects the pyra- 
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j engineering course, where he 
I studied flexible maouCacturing 
systems. "I could see a revolution 
' in manufacturing was comtng 
fast." be says. 

In the '80s. while Shellaberger 
waj running a CNC Uthe by day 
and working his way through an 
engineering degree by night, the 
revolution finally came to Luna. 
The plant began to automate, and 
I he got hu chance. Now he's a 
I CAD/CAM systems engineer and 
' a key member of the Lima CIM 
leam that won CASA/SME's 
LEAD award last October. 

How did Shellaberger know all 
those courses would pay off? He 
didn't. "Life is full of nsk for peo- 
ple who want to better them- 
selves." he says. 'There are no 
guarantees that if you go to school 
and work hard youll get ahead. 
1 For me. it's a matter of interest in 
' life. When I'm in my '60s. if I don't 
feel I'm learning something new 
every day I'm at work. I'll stop 
nght then and there." 

Leo Potts, an Indianapolis pat- 
tern maker, was worried about 




CNC. His employer, Jacobson 
Pattern Works, supplies produc- 
tion gages and molds to corpora- 
tions like NaMStar, Chrysler. GM . 
and Caterpillar. "The data from 
those large companies comes m Oii 
10' mag upe. and we must trans- 
fer it to our system and out to the 
machines. ,A11 of us in our union 
local needed CAD/CAM and CNC 
training, but the small shops, 
where most of us work, can't 
afford It. They pay for apprentice 
training, but that's it." 

So Potts got an okay from his 
boss to see about CNC training, 
and went on to Hurco Manufactur- 
ing to get some advice. Hurco. 
known in the area for good traimng 
on Its high-tech machines, got 
involved nght away. One obstacle 
Potts saw was academic credits: 
most employers wouldn't pay for 
trammg apprentices and others 
without them. No problem: Hurco 
had an educational partner. Ivy 
Tech (Indiana Vocational Techni- 
cal College). If he could find the 
students. Ivy Tech would create 
the counes they wanted, and the 
pattern makers would 
be on their way to com- 
puter literacy (and Ivy 
Tech credits I. 

Potts did. Courses 
take up a good chunk 
of time— eight hours 
a week for 16 weeks. 
Students often bnng 
in a part from the 
shop as an exercise 
for the mght class. 
Potts' boss and 29 
other people have 
Uken CNC. and can 
choose introductory or 
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ievel we find the technicians and 
operators. The "herd" of unskilled 
wiU keep shrinking as we approach 
the facte T of the future. 

Purdue's Brace has worked out a 
four- level arrangement similar to 
Duderstadt's and Ford's vision. MEs 
will give over their production sup- 
port and supervisory role to techni* 
cians. Jobs such as maintenance and 
production supervision, requiring 



high levels of technical competence, 
will be filled by people with technol- 
ogy or engineering degrees, by tech- 
nical school graduates, or by gradu- 
ates of advanced apprentice training 
programs. Technicians will be much 
more sophisticated than they are 
today. Dudersudt predicts, and 
machine maintenance wiU require 
four*year technology training. 
What about the herd of hourlies? If 



advanced CAD/CAM. 
MasterCAM. and 
CadKey. 

How do you keep up 
when your skills are 
ahead of your job? 
Potts bought a 386* 
based PC to work on 
CAD/CAM programs 
at home. At age 36 one 
of the youngest mem- 
bers of his craft unioa. 
he's going for the long 
term: "Ten years down 
th« tine I see myself in f^Tt 
a room with a CAD/ 
CAM system. » milling machine 
and mayhe a l?thc be)rjjid me. and 
my toolbox," 

Margaret A. '^oraewaki was 
at college studying to be a music 
teacher when she got married, had 
four kids, and left the labor force- 
When she divorced and needed a 
job to support the family (the 
youngest is five, the oldest 12), 
she knew teaching wouldn't do it. 
So she went to the public library 
and took out a book of occupa- 
tions. Industrial engineering 
caught her eye. she says, because 
it had computers and a lot of con- 
tact with people. 

Now she's in the CIM Manu- 
facturing Technology program at 
lUP along with Teresa Browning. 
Like Browning, she's a Myrtle and 
Earl Walker SME scholar. Work- 
ing in plants as a student has been 
very imporunt to her: "It's one 
thmg to read about manufacturing, 
another to sec it working. I'm 
amazed at how much I've learned in 
two months as a co-op at Alkson 
Transmission. " 

Any advantages to being a "new 




mator^" member? Her age gives 
her rooce confidence sod cxpetieoce 
n dealing with people, she sayc: **! 
don't pretend I koow evetytfaiDf, like 
some supervisors fresh out of schooL 
I take everyone's idea* servwily. and 
let them know I do." When cordScts 
occur in her workcel, she says, she 
can draw on experience: "When you 
have kids, you become a medator.** 
The MT degree gives choices. 
"When I graduate I couM hire in as 
a manufacturing engineer or an 
industrial engineer or a quality 
control engineer." But she's not 
looking for the fast track. She'd 
like to work her way up the engi- 
neenng levels and then think about 
management. 'I've heard that 
technology and the MBA make a 
good combination," she says. 
"But I don't want to k>»e touch 
with the floor. I'm not a paper 
pusher. Some women students 
say they're hired to use their 
brains, not fix machines. I'm dif- 
ferent. If there's a problem, I want 
to get my hands in it. Th? floor is 
where the action is. and that's 
where I want to be." 



Ford has its way (and whether it does 
depends on the supply of labor), all 
such workers will have two-year 
associates' degrees in technology, as 
they do in Japanese auto plants. 
Dudersiadt goes farther: such 
degrees will be requirements, not 
goals. "It's hard to imagine a manu- 
facturer m the late '90s not requinng 
two-year degrees so all workers are 
up to speed in math and sutistics." 

CM or Con? 

Readers watching the public hand- 
wringing over the shortage of engi- 
neers may conclude. "Not to worrv-. ' 
Engineers are so scarce they'll have 
a job as long as they want, sk^s or no 
skills. These know-it-alls are m for a 
shock in the next decade. 

"I wish there were a shortage of 
engineers." says Joseph Coates. v/ho 
studies future trends in technology* 
from Washington. DC. for several 
engineenng and professional groups. 
"If there were, employers would 
have to give the engineers they have 
now ail the technology and education 
they need to upgrade their skdls and 
effectiveness. And that, in turn, 
woukl mean corporations were in the 
process of retooling to get in com- 
petitive shape." 

Unfortunately, says Coates. 
there's no evidence this is happemng. 
The laws of supply and demand have 
not been repealed. The flat salar.es ot 
engineers over the last decade mean 
the commodity is plentiful. There's 
another indicator too. A shortage 
would mean the best and brightest 
technical personnel from around the 
world, especially from eastern 
Europe and the Sovie' Union, would 
flow into the US, "Their economic 
expectations will be unmet over the 
next five to seven years, and they'll 
move." Coates predicts, "If they see 
a shortage here, the US «nU become 
their preferred first stop," 

When you hear talk about short- 
ages, he says, look at who's talkmg. 
Are they "people with a direct or 
indirec; interest in a shortage" — suif 
at the National Science Foundation or 
the National Academy of Sciences, 
the engineering faculties, the profes- 
sional soaeties? We don't hear talk 
about shortage from one group — the 
unemployed engineers." 

Shortage talk is most trouble- 
some, says Coates. because it 
"diverts groups like the engineenng 
tooetiet from servmg their members 
on what everyone agrees is the most 
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j important issue 
that exists today: 
technological 
t obsolescence." 
Lawrence P. 
Grayson, acting 
director, postiecondary staff. US 
Department of Education, told 
NACME last summer that when 
starting salaries for engineers 
haven't gone up in 30 years, and 
compvues are hiring fewer of thenir 
it would be sensible to conclude 
iAdustX7 is not concerned about 
shortage. He, like Coates. thinks the 
shortage talk distracts attention from 
important problems like making bet- 
ter use of the engineers we have. 

When the Subcommittee oo Sci- 
ence. Space, and Technology of the 
US House of Representatives held 
hearings on the supply of engineers 
and scientists last July. R.A. EUis. 
director of manpower studies at the 
Engineering Manpower Commission, 
testified there were serious prob- 
lems with the numbers. Neither the 
federal government nor agencin like 
his really know much about supply 
and demand for technical profession- 
als, he said. 

The data from the Bureau of Labor 
Statistics conflict with the data from 
the National Science Foundation. 
When numbers for all groups of engi- 
neers are presented together, or 
numbers for some subgroup are pre- 
sented at though they represent a 
general pattern, journalists report 
''shortages of science and engineer- 
ing faculty, surpluses of older work- 
ers m mduttry . spot shortages of new 
graduates m hot Belds like environ- 
mental or manufacturing engmeer 
ing. and surpluses of graduates in 
other fields." One group shouts 
"Shonage!" while another screams 
"Surplus!" Both may be nght in a 
given case, says EUis. but they're not 
talking about the same things. 

He, like Coates and Grayson, pre- 
fers to rely on the laws of supply and 
demand. Real shortages should make 
the cost of engineering services nse. 
Instead, engineering salaries 
reached their peak in the late '60s. 
Ellis finished demolishing the shon- 
age notion by reminding subcommit- 
tee members that miinitream eco- 
nomic thought assumes the 
equilibrium of supply and demand. 
Thus shortages and surpluses of 
technical workers are nonsensical 
concepts. 

In short, if you're short on skills, 
don't count on the shonage! ■ 




A ncMt Mcvtr of tbfr tO|» 25 us 
buHMt* a^oolv, mwkytwt by 
Fvptm Aawrica. Inc. (Saa Jo«e, 
CA), djtdoMdft renewed einph>- 
sis ottmau^actunnt OB the put o( 
MBA. «t«d«ati- "Drtmatic 
cbaBf«» in manufactaring have 
occacred oa tJie academic side.'*^ 
sayi Professor Sterea Wheei- 
wriibt, UCLA, "the number of 
schools interested in pTDdoction 
or opcntioos is iocressinc signif- 
icantlr, along with student tmoOr 
ment and academic staffing.** 

The stady found business 
schools adding manufacturing 
courses in response to student 
interest. Some 83% of the respon- 
dents offer a manufacturing cur- 
riculum in '91-92. compared to 
43% five years ago. Sbcty-one per- 
cent offer a manuiacturing/opera- 
tiont management concentration 
or major, compared to 48% five 
years ago. The number of faculty 
teaching manu^cturing courses 
increased at 4S% of the schools. 

Eighty-three percent reported 
increased student enrollment in 
manufacturing/operations man- 
agement. And in 56% of the 
schools, recruitment of MBAs mto 
manufacturing increased while it 
dropped in many other fields. 
Eighty-seven percent of the 
schools repon more students find- 
ing jobs in manufact>jnng than they 
did five years ago. 

Respondents see the following 



trends in the '90s: 
mj0mt GioM. Dmhpnunts. 
Larger compsnteft win acquire and 
work with smaller, specialty shops 
worldwide to enter and capture 
niche markets. Engineering know- 
bow will diffase rapidly across 
nabooai borders. 

• FUxibilitj. Large-volume 
products will continue giving way 
to costoffiixed products. 

^Adrarutd Automation. Large 
and small £iacries will automate 
to satisfy customer requirements. 

• Skort-Cyclt Production 
Rednced destgn-to-delivery 
cycles will allow gearing produc- 
doo to customer demand for less 
surplus and overhead. 

• hfanagement StyU CkangiS. 
Multifunctional teams will reduce 
bureaucracy and increase worker 
responsibility. 

• Customiud Logistici. Tech* 
nology wiU allow greater coordi- 
nation and efficiency throughout 
the logistics chain, from order to 
delivery, 

• Dtsign for Manufacturing. 
Knowledge of manufactunng sys- 
tem capabilities and limitations will 
continue to be systematized 2nd 
incorporated into deasion making 
dunng product design. 

• Quattty Management and 
Control. Competitiveness will be 
determined by instituting total 
quality control management in ever>' 
step of the organitation. 
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FUTURE VIEW 

WHO NEEDS GOVERNMENT? 



Since the US has no national 
indusinaJ policy, manufac- 
turers are takmg matters 
into their own hands by par- 
ticipatinH in not-for-proHt 
consortia for collaborative research 
to cut R&D costs. And now. at the 
urging of the Department of Com- 
merce, they are taking their efforts a 
step further by forming a consortium 
of consonia called the tntemational 
Center for Manufacturing Sciences 
(Ann Arbor. MI). 

"While there are unique aspects to 
each consortium's R&D agenda, 
there is also a great deal of overlap, 
which you might expect smce auto* 
motive, aerospace, and semiconduc- 
tor manufacturers run into some of 
the same proWems.'* expb«u Stephen 
Ricketts. (CMS vice president of 
research. "Members like General 
Motors partiopate in sevenl research 
consortia and are repeating projects 
four f>r five times." 



ICMS began as a partnership 
between the National Center for 
Manufacturing Scences (Ann Arbor. 
MI) and the Microelectronics Com- 
puter Technology Consortium (MCC 
in Austin. TX). but organiters hope 
to attract more partners, such as 
Sematech. CAM-I. and the Industrial 
Technology Institute. The umbrella 
organization will coordinate the 
domestic and international agendas of 
Its members. Talks are currently 
under way. 

The CEOs an*! executive vice 
presidents of these consortia have 
agreed in principle to eliminate 
redundant projects by leveraging 
their resources. For example. MCC. 
NCMS. CAM-I. and Senutech all had 
enterprise integration activities. 
"Rather than each continuing on its 
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individual pith." offers Ricketts. 
"MCC won a large contract from the 
Air Force, and all of the consortia wili 
work under MCC in that effort." He 
estimates a savings of approximately 
S3-5 million m '92. 

Another reason the DoC encour- 
aged forming ICMS is to create an 
tr>dustry-based organization that can 
orchestrate the US share of research 
into the international Intelligent Man- 
ufacturing System (IMS) project and 
commercialiie the results. Japan's 
Ministry of International Trade and 
Industry <MITI) proposed IMS to 
DoC in 1990. Originally, MITI had 
budgeted il billion over 10 years to 
split among Japan. US, and Europe to 
do colUborative research. After a 
senes of tnUteral meetings* how- 
ever. Europe and the US decided to 
fund their own activities to preclude 
ownership disputes. 

Now there are six participants: the 
Earopean Community (EC), the 
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European Free 
Trade Associa- 
tiotir Canada. Aus- 
cralia. the US. and 
I Japan. Each par- 
tiripating region 
will select five members for each of 
the three committees governing 
IMS: the international steering, tech- 
nical, and intellectual property nghts 
committees. As the US secretariat. 
DoC will appoint three representa- 
tives from industry, one from 
academia. and one ^om 
govenunent to each com- 
mittee to fdl the US seats. 
It hopes to launch the VS 
effort sometime next 
month. 

While other groups 
organize, japan's IMS 
Promotion Center is pro- 
ceeding with projects it 
hopes will entice foreign 
companies to get involved. 
There are snags in many 
countnes. however Some 
US companies have con- 
cerns about entangle- 
ments with government 
bureaucrats who do not 
understand manufac- 
turmgs needs "IMS 
comes w'th rules and reg- 
ulations." says Rtcketts. 
"Many members want to 
participate m international 
research but not necessar- 
ily under those same 
terms. Europeans are 
concerned about getting 
involved in precision 
machining with the Japa- 
nese. They feel they have 
some of the best machine 
technology available any- 
wh<.re and don't want to 
give vx'iy their competi- 
tive edge." 

The parties also disagree on how 
to focus the project The Japanese 
want to standardize the key manu- 
facturing processes and systematize 
them, which means dividing those 
processes mto autonomous machine 
components that can organize them- 
selves to do a task. The Europeans, 
however, have taken a shorter-term, 
different view and want to add more 
iiutomation to today's technology In 
fact, they call the project the Future 
(jeneraiion Manufactunng System 
proi^ram. "Americans are some- 
where in the middle, knowing that 
there are many autonomous artifi- 
cially intelligent machines and sys- 



tems that must be developed. " notes 
Ricketts. "but we don't quite have 
the clanty the Japanese have."* 

MHHary Tap* Privat* Fu:^ 

The private sector is not the only 
beneficiary of research consortia. 
For example, the US Army Missile 
Command iMICOM)~its Research. 
Development, and Engineenng Cen- 
ter's Manufacturing Technology 
Division— recently joined the Fuller 
E. Callaway. Jr.. Manufacturing 




fTMi »• SU«t CMrgta. U* ( 

Research Center (MARC) at the 
Georgia Institute of Technology 
(Atlanta) Bom in 1987. MARC spe- 
culizes in developing advanced man- 
ufacturing processes for the elec- 
tronics industry. 

"With money so tight now in the 
Department of Defense, we must 
take advantage of every opportunity 
to get more for our money." explains 
John Davis, chief. MICOM Manufac- 
turing Technology Di\ision. His 
operation will leverage its research 
funds with those from four other con* 
sortia members: Motorola. IBM. 
Digital Equipment Corp.. and Ford 
Motor Co.'s Electronics Division. 
Besides more access to related Geor- 



gia Tech programs. MICOM now has 
a $1 million resource, whicn is !ive 
limes Its own investment. 

MICOM wants better flexible 
manuiactunng systems for missile 
eiecironics. which includes sensor- 
component fabncation and assemblv. 
What they are doing at M.ARC is 
directly related to our interests. ' 
says Davis. "They're involved :;o: 
just in basic research but also in 
developing new manuiactunng pro- 
cesses and equipment. Being a con- 
sortium member will 
greatly enhance ouz work 
in microelectronics ino 
photoniCb 3no will '^esp 
reduce future Arm-- 
weapon production Cost: 
It will also provide another 
opportunity tor rapio!\ 
inserting new tethr.olo<y 
into militarv svstems. ' 

When M.ARC demon- 
strates a new technalosfv 
in Its pilot lactor\ . nem- 
ber companies— ara the 
graduate stuaents «.orK- 
inff on the project— cjn 
St ow to put tha. proven 
technology into produc- 
tion. From this collabora- 
tion. Daus also nopes pri- 
vate industrv will learn 
how to make military.- a no 
commercial products on 
the same hne Transter- 
nng new technologv and 
creating capacity tor miti- 
tarv.' projects on pnvate- 
sector production Unes 
will broaden the defense 
production base and. ulti- 
mately, reduce weapons 
a SIS cost. 

Dr Michael J Keilv. 
MARC s new director, 
says the center encour- 
ages cooperation and interaction 
across a range of disciplines at Geor- 
gia Tech and industry By providing a 
neutral environment open to all the 
applicable disciplines, the center can 
foster the cooperation necessary- to 
tackle tough problems. While 
research is one of the Center's pn- 
mary goals. Kelly believes the pro- 
gram can also aid industry by edu- 
cating a new generation of broadly 
based engineers and scientists who 
can take a "systems approach" to 
manufactunng. 

Can Your ExMfwion AgMiC 

Most university-industry activi- 
ties involve Fortune 500 companies. 
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Even community colleges chase big 
companies to balance their budgets. 
No one bothered training a lew peo- 
ple m small local machine shops. But 
shops like these fabncate the prod- 
ucts that Fortune 500 firms design, 
assemble, distribute, and service. 
These ;J50.000 small US manufactur- 
ers supply about 60^^ of the domestic 
components and employ ■= '>ut 50*^ of 
manufactunng workers, .^nd i55fc uf 
those n:anufacturers have less than 
50 employees. 

To infuse advanced technology 
intci these firms that constitute the 
inirastructure of US manufactunrg. 
the DcC sponsors five manufactunng 
technology centers through the 
National Institute of Standards and 
Technology (Caithersburg, MO). 
These centers help small to medium 
manutacturers improve competitive- 
ness bv prosnding technical assis- 
tance and training. NIST hopes to 
start three more later this year. 

Rensselaer Polvtechnic Institute 
Troy. NY) was one of the first uni- 
verstties to establish 3 cooperative 
program with manufactunng compa- 
nies, in 1979. It opened its Center for 
.Manufacturing Productivity and 
Technology Transfer to bnng large 
companies together to deal with com- 
mon technology problems. Now the 
center also runs the Northeast Man- 
ufacturing Technology Center 
iNEMTCt. which became one of the 
original three NIST manufactunng 
technology centers in January 1988. 

From a building that houses six 
other manufactunng research cen- 
ters on campus, NEMTC typically 
services the New England stat;$ plus 
New York. New Jersey, and Penn- 
sylvania. "NEMTC concentrat<;s on 
systems integration problems in 
small to medium manufacturers that 
cut. bend, or mold materials to make 
parts," says Gene R. Simons. 
NEMTC director "So other [NIST] 
centers refer companies to us if we 
have the expertise." 

NEMTC also gets referrals from 
state industrial exten$i«.n agents, 
who work much like the old agncul- 
tural extension agents. New York, 
for example, runs its extension ser- 
vice through the New York State 
Science and Technology Foundation. 
"In New York and, to a limited 
extent, in some other states, indus- 
tnal extension agents visit local com- 
panies to determine their needs and 
steer them to the nght programs." 
says Simons. "If it's a technical prob- 
lem, they usually refer them to us. If 



A Glimpse at Collaborative 
Manufacturing MO In the EC 




The European Community (EC) 
has not been idle as Japanese and 
US firms team up with universities 
to [everage research funds. Eureka- 
Famos, the EC's R&D program, is 
spending 6.8 million pounds on an 
inte ^ted flexible assembly cell 
technology, called InFACT It has 
organized 10 participants in \u%- 
tna. France, Italy, and the UK, 
including Bnstol Polytechnic m 
western England. 

The approach is based on the 
concept of genenc assembly. Up 
to 80% of all assembly operations 
are common to all assembly tasks, 
while only 20% are product spe- 
cific. By merging these common 
processes into one system, In- 
F.^CT can quickly change over to 
accommodate many families of 
assemblies, alleviating worries 
about high investment costs and 
fluctuating demand. 

tr. the past, traditional robot 
technology has been too expen- 
sive or too inflexible. Researchers 
hope to overcome that problem 



wtth a transputer, a British- 
designed computer on a chip 
Linked together to form a power- 
ful parallel processing controller, 
transputers can do many function^i 
Simultaneously, which is neces- 
sary for integrating matenals han- 
dling, parts presentation, and 
parts manipulation. Conventional 
controllers with such functionalitv 
would be three times more costiv 
,\ pilot plant (photo > is assem- 
bling a vanety of demonstration 
products, ranging from electncal 
connectors to model railwav wag- 
ons. The machine has two gantry 
robot manipulators mounted 
above work zones and uses a com- 
mon palletized matenal handling 
system. Linear nbratory feeders 
deliver small components or piece 
parts into the work zones. Users 
wanting to assemble new products 
simply fabncate product-specific 
tooling and fixtures (only S-10<1 of 
the machine cost) and modify 
assembly instructions with a 
menu-driven package. 



the company doesn't have CAD. we 
help them get it. If it has CAD. we 
help them link it to NC equipment." 

One NEMTC client (in Buffalo) 
controls 60% of the small market 
supplying automobile wheel locks to 
the Big Three and the Japanese 
transplant:;. The locks are round lug 



nuts with a clover leaf pattern cut on 
the faces. The nuts foil thieves who 
do not have the matching wrench that 
fits the pattern. But the nuts caused 
problems for more than potential 
thieves. 

The firm sends batches of nuts 
with mixed patterns to its in-house 
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plating and heat- 
trealing opera* 
tions because vol* 
ume of any one 
pattern was too 
small to justify 
processing s€j{regated lots. After- 
ward, ihe tedious task of sorting four 
idenucal nuts and packing them m an 
envelope with the correct wrench 
wasted one of the firm s most scarce 
resources, skilled employees. The 
alternative, sorting with machine 
vision, was expensive because the 
pattern had no reference point and 
required a factorial sort, which is a 
lengthy comparison. Quotes for such 
svstems ran between $250,000 and 
$300,000. 

Through NEMTC. however, the 
firm got a simpler and much less 
expensive option based on a $1100 
high-resolution camera and a 386^ 
based PC . "A Rraduate student work- 
ing on a similar problem developed an 
aiKonthin for a PC rather than a high- 
speed computer, which was much of 
the cost." recalls Simons. "When 
they finish, their investment in the 
vision system will be less than 
$25,000 and the material handling 
system another $50,000. which is 



roughly a third of what they would 
have otherwise spent." 



To provide services. NEMTC 
uses 18 students for field projects 
and work in the demonstration Polity 
and relies on a pool of faculty mem- 
bers to provide technical assistance. 
"Some of the most successful 
projects put students in a company 
for three to six months." says 
Simofts. "Students k>ve these projects 
because they get bu more authonty 
than they would on typical co-op 
assignments, and small companies 
are much more receptive to student 
help than large manufacturers. In 
most cases, it's the first time a small 
company has had [input from] a 
trained engineer (ajumor or senior)." 

At one New York company using 
its second intern, the student is help- 
ing staff bring in a product formerly 
made in the firm's small German sub- 
sidiary. Originally, his job was to 
convert CAD drawings, but he 
quickly found himself wnting manu- 
facturing instructions and helping set 
up the line. 

Besides pUang "traditional" engi- 
neering students. NEMTC tries 



spreading more trained students 
throughout industry by training 
empioyees of small companies through a 
network of 17 community colleges in 
Its service region. U esublished this 
network because local (raining m a 
reasonable travel distance is the 
cheapest, most practical way to oper- 
ate. NEMTC provides the course- 
ware and trams the community col- 
lege faoiity to use it. 

On typical projects. NEMTC 
funds half the training and implemen- 
ution costs: reapients hind the other 
half and must buy the hardware them- 
selves. Of NEMTC's 1991 $6 million 
budget, half came from the federal 
government and a quarter from var- 
ious state programs. The remainder 
came from fees and large-company 
contributions. "There is no standard 
formula for funding a project." says 
Simons. "If we're working with a 
group of suppliers to a large com- 
pany, for example, (hat company may 
subsidize the activities with its sup- 
pliers. If we're working with a com- 
pany in New York, the state might 
provide pin of the funding." 

Simons believes the program's 
future depends on Fortune 500 com- 
panies adopting supplier develop- 
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Fact Now, 

with EMUGE premium 
machine taps, you can Increase 
productivtty by reducing un- 
necessary, unproductive set up 
tima That means your machines 
wiii be running longer while 
providing high quality clean 
and precise threads, for the 



lowest cost per hote. And thafs 
hole, after hoie, after hole. 

Quality In Depttt_ 

Designed to pro- 
duce class 2B 
or 3B threads in 
any material . . . 
Every EMUGE 
tap is the result 
of the world's most advanced 
engineering, unmatched first-hand 
shop floor knowledge; and our pro- 
prie^ use of unique aHoys and 
tap geometries. We can help you 
with your needs from stock. If not 
just ask one of our skilled sales 




engineers for on-site help with 
your specific needs. 

Take Your Own Word 

or it Ask about our 
Test-A-Tap program. Put 
one ot nrwre to the test 
and you'll team first-hand, 
why it's time to shift your 
production into high gear 
with EMUGE 



EMUGE CORP. 

104 Ote SlTK ftorthboroc^ MA 01532-224C 
TEL (5081 3931300 FAX: {508) 393131C 

Clict« 78. Rtad«>' S«fv(ct Card 




Off. C>tto«e<rfth»folliiwii»Mii' 
tuboa» foe dttai^ 

RAD Conaortia 

CAM-I. Ariingtoo. TX vKlT) 
860-1654 

Manufacturing Research Cen- 
ter, Georgia Institute of Technol- 
ogy. AUanU (404) 894-3444 

MtcroelectroQtcs Computer 
Technology Conoortium. Austin. 
TX (512^ 343-0978 

National Center for Manu^- 
tunng Sciences, Ann Arbor, MI 
(313) 995-0300 



(511^279-2905 

^ B tlw M t Ml— t i tti ri^Tedf 
oology Center. TTmvertity of 
Sotttb Carolina. Cohunbia, 5C 

(803) 777-7063 

Great Lakei Maaafacttmag 
Technology Center. Cleveland 
Advanced Manufacturing Pro- 
gram. Cleveland (216) 987-3200 

Mkiwett Manufactaring Tech- 
nology Center. Indattxial Tech- 
nology Institute. Ann Arbo'*. MI 
(313) 769-4000 



BCisafKctaring 
_ V Kipaai-Tech- 
■litarKMaKpraeCotp^ Topeka, 
SS 296>5272 



Delaware Valley Industrial 
Resottrce Center, Philadelphia 
(215)464-8550 
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ment strategies rather than adhenng 
to vendor certification practices. In 
vendor certification, finns demand a 
certain amount of compliance to a 
quality standard and base their con- 
tracts accordingly. Supplier develop- 
ment means large companies get to 
know their suppliers' process capa- 
bilities and finances -not just the 
parts they ship— so they can help 



strengthen them. "Firms like 
Motorola. Xerox. IBM. and Digital 
are developing relationships much 
like those that most Japanese manu- 
facturers have with their suppliers." 
he notes. 

He also points out that definmg a 
us company is becoming increasingly 
difficult for consortia and industry- 
university cooperatives. "Many 



foreign*owned firms in the US want 
to partiapate in these programs." he 
says. "A few key Japanese companies 
are making noises about getting 
involved in major university pro- 
grams in the us, and some already 
have. There will be many interesting 
decisions over the coming years, 
with some programs gettmg involved 
m mtemational ownership." ■ 
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FUTURE VIEW 

A GAME OF MUSICAL FACTORIES 



Inugmr working for 2 large 
MKlwestem >ob itwp in 2W2. 
when concurrem en^ineenng 
IS not a buzzworrl but the life- 
blood of the oritanizaiion A 
Japanese deM|{n cngmeennit fimi you 
rrequenily do buMnrss with has just 
iinOeO a hxrauve project frotn a Euro- 
pean marketing consulting group and a 
>nopo«ni{ elcctronKallv for produc- 
rmn capacity Since vi > ' an deliver 
that capaatv it the nRht price, vou 
tfta th« contract and tht> race )i on to 
bnni{ to market what promises to be 
xhr neit race sn the US 

Engineer* from the dcMgn firm 
ind )oh %hop begin working together 
(inmediaiely but without leaving the 
vbiirkMatioHA in iheir offices By sim- 
piv dultng The phone lhe> tan talk 10 
rath '»thcr and >hare the same com- 
tniler ^c^etrn m real lime Durinu 
ihrir dl^cu^Mon^. thev pom: at tril 
n i\ hi«d points with 4rr*»ws ^nd c>ri.le 
4 MM ti«rfi -il i 'iimplfv I'll surface 



thit needs modification. Electronic 
mail messages containing color 
images and voice also expedite com- 
miinjcations over time tones. 

The concurrent-engineenng effort 
IS ^ot limited to enijineers, however. 
The marketing group offers its input 
after reviewing a J-D, tangible pro- 
totype It received by fax. Once the 
product reaches the end of its life 
cycle, the panners dissolve their 
"vinual factor>*" and move on to new 
projects with other panners. Virtual 
connections are electronic linkages 
r;tther th^n f»ce-to-face meetings or 
paper drawings 

This 1$ how the International Cen- 
ter for Manufactunrg Sciences (Ann 
Arbor. Ml) and Lehigh Univer&ity 
1 Bethlehem. PA) see manufacturing 
in the next millennium. "The procsss 



TMEdltOfS 



of manufacturing v^nll become a com- 
modity with a lot of fairly standard 
manufactunng capability scattered all 
over the world," predicts Stephen 
Ricketts, vice presidsnt of research. 
ICMS Traditional factories with 
engineering, manufacturing, and 
marketing departments will become 
less unportant and might eventuallv 
fade away Outsourcing taken to the 
extreme wiW allow specialty compa- 
nies to flourish and replace those 
departments. 

"Product will be built to order 
more than shipped from inventory." 
Ricketts continues. "Products v^nll 
have a standard component, but 
much will be built to the purchaser's 
unique tastcb. The emphasis will be 
on anticipating market trends because 
the value of manufactured goods will 
come more from design and market- 
ing—the hzrd-to-hold parts of manu- 
facturing, [f indeed manufacturing 
evolves that way. the US may be in 
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i good position to 
exploit It, more so 
than any other 
country.' 

John MazroU— 
president . Dm- 
graphics Division. Electrwic Data S>3- 
(ems (St. Louis)— agrees, pouiung out 
that Ihe Presideni s Council on Com- 
petitJveDess says the US still leads 
many critical tec" oologies and pro- 
cesses to make c it happen. 

"In the future." Mazzola predicts, 
"human networks ot many people will 
collaborate m a global enterprise, 
which IS the company and its supph- 
ers. customers, and partners. 
Projects will be defined digitally. For 
example, the design will be a digital 
model, and the analysis will be on Uut 
digital representation. The model will 
also drive manufacturing and the 
logistic support network." 

He admits industry is a long way 
from virtual factones but notes it is 
beginnmg to lay the necessary foun- 
dation. "Manufactunng is alri^ady 



becoming international." he says. 
"When building an airplane, for exam- 
ple, you might make the wings in 
Taiwan and the landing gear m Can- 
ada. The design work might be 'n the 
US and France. Physical separation is 
less of a consideration because of the 
economic incentives to use a partic- 
ular distant supplier. Boeing on its 
777. McDonnell Douglas on the MD- 
12. and the automotive manufactur- 
ers are doing more of this collabora- 
tive work and embracing concepts 
like concurrent engineermg." 

But worldwide electromc collabo- 
rauon is on a small portion of product 
and on a pilot basis. The bamer to 
widespread pracuce is suppliers can- 
not connect electronically to the dig- 
ital model- "After 30-40 years, we 
can't even get people networked on 
alphanumeric data, let alone or. a 
digital model." Mazzola :;ouits out. 

The digital models shared in 
tomorrow's virtual factones must 
define an assembled product, not just 
one part. They wiU represent and 
manage all parts in an automobile or 
airplane and be robust enough to 



combine many parts from several 
sources into Ihe product. More than 
3-D graphics, these models will be 
mathematically correct for heat, 
structural, and other analyses and for 
manufacturing. 

Imagine an airplane company 
building an electronic model ot a 
whole airplane and watching it per- 
form in an electronic wind tunnei 
Such dynamic simulauons are more 
complex than staUc simulations like 
structural dynamics. .'\s software 
becomes more sophisticated <ind 
hardware becomes faster, however, 
the more practical it becomes to sim- 
ulate for immediate feedback without 
having to butld prototypes and test 
them. Simulauons will compress time 
to market and create more reliable 
designs. 

Rapid prototyping devices, which 
make faxing physical models possi- 
ble, are one way industry' already 
exploits digital models (un single 
parts, not complex assembliesi 
These machines divide the model mto 
layers and use that dau to build a 
polymer part layer by layer "Once 
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ChallengBS Facing Manufacturing 

MANUFACTURING ENGINHERING asked a select 
group 6rom SME's College of Fellows and recipients of 
SME's Young Manufacturing £. er .'\ward to spec- 
ulate on the issues facing manuiictunng dunng the 
next decade. Here are excerpts from the comments of 
these industry leaders: 



Q 



WM w<H tiM mamifactuflflf 
•ntmrvtM iook llk« In 20027 



Seiuemon In<b«. PhD. president and CEO. Fanuc 
Ltd. (Yamahashi. Japan): 

Today, we have FMSs f flexible manufacturing sys- 
tems) that started as FA (factory automation) and are 
in the process of evolving into CIM (computer- 
integrated mantifactunng). (n 2002, I believe the IMS 
'mielligent manufaciunng system) will be reahzed. 
With Its harmony of machines and human beings. IMS 
enables the integration of manufacturing 

Jack L. Ferrell. manufacturing vice president 
(retired), TRSV. 

We will see networks of alliances among suppliers, 
producers, customers, and competitors. Entities will 
form cooperative tinks to transfer mformation and 
data, and use one another's facilities, production 
equipment, and proprietary knowledge to bring prod- 
ucts to market efficiently Thi^ may lead to "virtual 
companies." quickly formed to implement a particular 
marketing stratcKy Increased computerized process 
modeling will mitigate the need (or pilot plants, lengthy 
process rnals. and redr^Kn and debugging of new 



processes and equipment. 

The followmg is more a wish than a prophecy: 
Manufacturmg engineers will be absolutely certain that 
their processes can meet design specificauons all the 
Ume. Product designers «iU comprehend the real 
consequences i scrap, rework, customer dissatislac- 
tion) incurred when tolerances are wishes rather than 
true requirements. Furthermore, both parties will 
continually work toward a process that does not vary 
from the mean dimension of a tolerance. Dr Taguchi 
will be proven correct: Society as a whole benefits 
from the reduction of vanauon. 

Edward S, Roth, president. Productivity Services 
Inc. (Albuquerque, NM): 

Only smaller, entrepreneurial companies that simul- 
taneously design products, production processes, and 
quality systems usmg CAE will be m manufacturing in 
2002. They will consist of teams of career-path inter- 
disciplinary speaalists {engineers, fixture designers, 
machinists, techmaans, purchasing agents) who svill 
design product, process, and quality systems to A.NSI 
Y14.5, ISO/TC 10, and ISO 9000 International stan- 
dards. These teams will identify and remove all 
sources of process variation by concurrently designing 
parts and fixtures as sets of functionally interrelated 
products. Engineering changes and middle managers 
will cease to interfere with the fast -tracking of new 
product Both will disappear in the successful. 
European-ComrauMty-orienled manufacturing enter- 
prise of the year 2002. 
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you create a digitai model." 
observes Mazzola, "you re 
in the position to transmit it 
any place in the world for 
review and manufactunng. 
Imagine a-hat that «>ll mean 
for a company's flexibility. If 
a machine goes down, you 
fax the definition someplace 
else and make it there. You 
compete not on location but 
on cost." 

To make that vision a 
reality, computers will need 
more parallel processing, 
high L'O capacities, and large 
MIPS (millions of instruc* 
tions per second* ratings, 
more than what we can imag- 
ine t''-H>^'/ These digital 
moc«:l$ will bring even 
70-80-MIPS workstations 
CO Cheir knees. " explains 
Mazzola. "Remember, just 
rotating an exact mathemat- 
icai definition takes tremen- 
dous capacity. That^-and 
handling al! the par. configurations — 
IS an awesome data* management and 
computing problem." 

Experts believe tomorrow's com- 
puters -Aoll be up to the challenge. 
thou({h. In fact, many predict manu- 
facturers wili be able to afford what- 
ever computing power they need. 
"Simulating a factory on a super- 
computer, for example, is affordable 
now," claim* Dan L. Shunk. PhD. 
who IS both chairman. Computer and 
.Automated Systems Absociaiion of 
SME. and director. CIM Systems 
Research Center. .Arizona State Uni- 
versity fTempeJ. To our detailed 
factory simulation, w .all our cam- 
pus Cray from workstations m our 
offices, where we ve modeled the 
factory, loaded the data, and 
vectonzed the program. The Cray 
docs the number crunching," 

The pnce-pcrformance ratings of 
RISC workstations have doubled 
approximately every year and a half. 
.A manufactunng task requinng a StO 
million Cray supercomputer 10 years 
ago would have had difficulty showing 
a return on investment. Today, that 
same task might run on a S 100,000 
RISC multiprocessing box, and in two 
or three years, it might run on a 
Sl.'i.MK} desktop. 

"Because computer power will 
become bo cheap, optimization will 
not be something kept in the back 
room for industrial engineers to do 
ooce a year. " predicts Robert 
Clifford. CIM manager. Sun .Micro- 




systems Computer Corp. (Mountain 
View. C.A). "CompameS wiUoptunize 
their manufactunng tmes minute by 
minute, reoptimixing schedules 
every ume machines go down. .And 
rather than evaluating alternatives in 
the producuon schedule weekly, they 
can run it 20-30 times in the last 
couple of hours of the day to find the 
be^t schedule. They might even ship 
another 10.000 units and make the 
company more money." 

The infrastructure for transmit- 
ting mformation dynamically from one 
functional unit to another will be the 
virtual factory's spinal cord. "If 
you're working ui a dynamic world, 
your communications must also be 
dynamic," says Michael Galane, 
director, strategic consultsig, Hewlett- 
Packard Co. (Palo Alto, CA). "You 
can't afford to have dedicated winng 
to every place you might be doing 
business. Propnetary networks use 
coaxial cable, which has a high band- 
width for carrying much information. 
The trouble is. you can't use coax to 
link the world because it's too expen- 
sive and Switching is inconvenient." 

Galane believes manufacturers 
wiil adopt the most popular and prev- 
alent communications network in the 
world: the telephone system. In fact, 
many site-to-site transmissions 
aiready travel by phone 'Phone lines 
are just about everywhere and are 
coniinuinR to grow," he says. 'Once 



you connect to the telephone 
network (that is. get 3 phone 
numberi. you can reach <inv- 
where the phone iystem 
goes. We wiil not ^ee 
many uedicated or propri- 
etar>- communication linc^ in 
the future because ut rni.- 
incredible flexibilitv thai 
phone hnes will otfer 

.Most long-distance carr-.* 
ers have been investsr.u 
heavily in fiber-opiic iines J5 
they convert to digital tech- 
nology. Like traditional 
coaxia! cable, the bandwidth 
of fiber-optic lines i5 hii^n 
enough to transmit lari^c 
amounts ot digital multime* 
Hta information, iuch .i^ 
Nvrrce. alphanumenc. image 
and video data. .A^ iiber 
Optics come on-line, the 
phone system's relicbilitv 
will continue to increase 

To explain the impact oi 
plugging computers or con' 
trollers into a telephone svstem. 
Galane offers this analogy Imagine a 
reasonably large house with cable 
television in several rooms. Movrnt* 
the cable service to different room* 
requires stnnging dedicated wire and 
means leaving or removing anunuseo 
Ime. Contrast that with the conve- 
nience of having a phone )ack m eacn 
room and plugging into one when you 
need it. In fact, many firms alread\ 
use phones to link their PCs to other 
computers, whether in the »ame 
building or across the countrv. 

"Real-time control applications 
obviously will need dedicated lines 
because they cannot wait the seconos 
required to dial up a line. ' Galane 
admits. "But for a line with much less 
utilization, a dynamic network like 
the phone system, which allows dial- 
uig other de\ices and transmitting 
information as required, is an attrai.*' 
tive. inexpensive way to network " 
For this reason he doubts whether 
the Manufactunng Automation Pro- 
tocol (MAP) will survive. "Sure. 
MAP will be around awhile; so will 
baud bus and the Allen-Bradley data 
highway, ' he says. "But in 10 years, 
if MAP doesn't grow to include much 
faster information transfer (such as 
for video), it wi)| become less impor- 
tant. As we approach the year J(X)2 
why would a standard developed m 
the early '80s be more pervasive than 
a standard that is much more dynamic 
with ever-increasing bandwidth^ 
Why would users stnng dedicated 
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lines when chey 
could jusi plug 
devices into a 
phone jack?" 

"MAP has S°t 
of (he factory net- 
working market." adds Sun's 
Clifford, 'and forecasts say it will 
have 5% throughout its life. It never 
look off paniaily because it is difficult 
and expensive to implement. Expen- 
sive technology might be okay for 
General Motors, but most of the 
world can't afford it. in the real 
world, most people use DECnet or 
TCP'IP (the Unix standard) on 
Ethernet. Many users run MMS 
imanufactunng messaging serviced 
the key part of MAP. on Ethernet to 
cut costs."' He also sees proprietary 
networks dying because they lock 
users mto one vendor s hardware, 
which cannot work in an open sys- 
tems world. 

C.ASA s Shunk disagrees with the 
proposition that MAP is failing. 
"MAP isn't wjthenng away." he 
insists. "Rather, people are migrat- 
ing back to Simple layer one and layer 
two 'Ethernet and TCP'IP) in the 
i>even-layer OSI communications. 
Elements of MAP -MMS. for exam- 
ple—will become a national, maybe 
even an international, standard for 
communications." 

He notes that the Japanese have 
modified some layers within the MAP 
architecture and are aggressively 
pursuing It. "They ve gone with a 
Mmple layer one and layer two. " he 
says, "'but they believe in the ngor. 
MAP IS not dead; it's just another 
option lor supporting your overall 
business strateg>- " 

Cooiputaft Mimic ttM Bra4n 

No matter what the virtual com- 
munications network looks like, the 
computers ii conn^^ij will bombard 
people with mucli i^ore information 
than they can digest. Many experts 
predict that neural networks could 
sift out the important information and 
help those people make recommen* 
dations. 

■'In the early years of artificial 
intelligence, people laughed at fuzzy 
loi{ic and neural networks because of 
their probabilistic natures. " notes 
Shunk "But there's been a quiet 
revolution. We realize that the world 
IS not black and white, it has shades 
III grav Fuzzy Iokic and neural net- 
works are suddenly now of major 
interest 

"The human mmd is a probabilistic 



neural network, not a deterministic 
expert system. Just as the eye and 
brain work together, neural net- 
works can make decisions from sen- 
sory percept'on." That means a 
neural-network-based computer 
does not resemble today's digital 
computers. Digital computers can 
simulate them, but they work very 
differently. 

Conventional logical (parametric) 
programming requires engineers to 
define finite responses for every kind 
of input, which requires a tremen- 
dous amount of detailed testmg. Log- 
ical processes are very procedural 
and sequential. Neural networks are 
different in that they mimic the cog- 
nitive capabilities of the brain. 'Rec- 
ognurng your mother, for example, is 
a cognitive operation and different 
from a logical process of executing 
sequential steps. " says HP's Galane. 
"You look and recognue her Mthin 
fractions of a second."' 

Cogmtive activities require much 
parallel processing to come to a con- 
clusion rapidly. To do so. neural net- 
works can have thousands and even 
millions o( building-block compo- 
nents Like the brain's neurons, how 
these building blocks connect to each 
other determines the system's 
response. Users "tram " neural net- 
works instead of programming them 
in the traditional sense. They feed 
the networks some ^ sort of 
sensory input and tell them 



what the appropriate response 
should be. The networks make the 
appropnate connections to deliver 
the proper response. 

Nluch of today's work has been m 
software and tends to be »low. Sev- 
eral companies, many Japanese, are 
developing hardware chips that con- 
tain large neural networks, which v\ill 
speed them up tremendousiv For 
example. 50 building bloi.-ks -.tela 
decisions of a ce/tain quality But 
50.000 offer nuch better cogniti\«r 
capability. The amount oi retinemeni 
required for a decision determine? 
the number of neurons, ur buiidmi: 
blocks, needed. 

"Digital computer^ are <Qoa Jt 
sequential processing ana will ^r.n- 
tinue to get laster. " says Oalane "In 
the next 10 years, advances in cog- 
nitive chips will make neural net- 
works large enough to be useiul m the 
factory."' 

Such networks can help people 
make nonparametnc qualitv deu- 
iioas. Visual inspection, (or example. 
IS difficult without a human inspei::or 
looking at apart and deciding whether 
It IS aesthetically oleasing and 
blemishless. An ins>pector. howe\er. 
can show a neural network connected 
to machine vision 6u<)U good ana oaa 
parts. After adjusting its internal con- 
neaions. u can then recognize minor 
variations and respond to a bitaation 
it has never encountered, much like 
the human mind does. The more case>. 
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I fed mto the neunl 
1 necwock. the better 
it performs cogru- 
i tive functxins. 
If a neural net- 
work checking 
qutlicy on a production line tncor- 
retUy assestes two parts out of 
100.000. a human inspector can show 
It tho«e parts and teU it the correct 
response- It will then adjust lU con- 
necuons and •learn*' from its tms- 
takes. "As the computer gets older, 
it actually unp roves." notes Galaae. 
"Conventional programming can't do 
anythisg like that. U it isn't pro- 
grammed to handle a condiuon. it's 
useless." 



ventional digital computers. "There 
are many things you can do with 
easier-to-use expert systems, espe- 
cially for diagnostics and quality con- 
trol." he says. Because expert jys- 
tems are anextenston of conventional 
programming, they rely on a knowl- 
edge engmeer to be good at inter- 
viewing a human expert and render- 
ing that knowledge into rules of 
thumb. B«caus« of that tedious usk. 
the proHferatiOB of expen systems 
has been disappointing, but Clifford 
expecu a breakthrough to automate 
acquinns dau. organizwg it and pro- 
gramming the expert system. 
Galane argues, however, that neu- 



100<> solution, which couid require 
orders of magnitude more program- 
ming. "Fuzzy logic is a misnomer 
because the mathematics behind it is 
very precise." notes Galane "The 
programmer defines how much 'inex- 
actness' you can live with in that 
precise mathematical model. It 
greatly simplifies the mathematics 
for arrivrng at a deaston." 

Whether to change a tool, tor 
example, is based on cutting time, 
ambient temperature, and work 
matenal. Except for breakage, there 
is no specific point when the tool 
absolutely needs changing. Instead, 
there is an accepuble window tor 



Despite that limitation. Galane 
does not expect tradi* 
tionAl logical comput- 
ing to disappear. "If 
we view mimickug the 
human mind as an 
objective of computing 
technology, marrying 
the logical and cogni- 
tive parts wiU be k«y 
because that is how 
the brain works. The 
brain performs both 
parametric (logical) 
and cognitive pro- 
cesses—the classic 
left brain and right 
brain model." 

Parametnc and cog- 
nitive tasks will }ust be 
marshalled to the 
appropnate parts of 
the system. In quality 
control, for instance, 
counting good and bad 
pans would not be rel- 
egated to the neural 
network. This belongs 
to conventional computing. 

Sun's Clifford, however, is not 
convinced neural networks will catch 
on by 2002. **Many companies bought 
special LISP machines like the TI 
Explorer for AI applications." he 
recalls. "You can run those applKa- 
tions today on a worksution at nearly 
the same speed witho"^ buying new 
hardware. Perhaps very high- 
performance RISC processors will be 
able to emulate th:s new [neural net- 
work) computing technology too." 
For dedicated use. though, he admits 
specialized processors may be 
necessary. 

He al<>o points to a tremendous 
untapped capacity for improving con- 



ral networks are that breakthrough, changing it. 'In applications with win- 
"The system is only as good as the dows. fuzzy logic works very well. ' 
programmer is at extracting the otfers Galane. He stresses, though, 
knowledge from the exper and put- that these applications are "much dif- 
ferent from control- 
ting alarms in j 
nuclear power plant " 
Clifford also sees 
object-onented tech- 
no log>' replacing the 
more prevalent para- 
metnc software and 
relational databases 
Definitions for con- 
ventional software 
and databases have 
little leeway. 'In 
MRP systems, for 
example, you can use 
one or more levels m a 
bill of matenals." he 
explains, "but you 
have a bill of matenals 
that links with other 
parts of the system in 
a predetermmed wav 
Suppose you wanted 
to automate schedul- 
ing in such a way that 
you need a new class 
of information about 
parts. To make a fundamental 
change, even something relativelv 
simple like adding another set of 
codes to a pan number, you change 
the software everywhere in two or 
three million lines of code." 

In object-oriented technology, 
modules "inherit" the capabilities of 
other modules, so modifying the 
module that defines part numbers 
changes it in the rest of the system 
automatically. "A two or three man- 
year modification might become a two 
man-day effon," reports Clifford. 
"That fundamental capability allows 
building and modifying systems 
faster, and will change the way peo- 
ple deal with computer systems." • 




ha«t>.1W WMiyw<».lha umirlit im li lliii, to 



ting it mto rules." he pomts out. 
"Programming a neural network is 
dramatically different. An expert 
shows it what is good and bad. and 
the network programs itself based on 
the expert's assessment.'* 

Galane and Clifford agree, though, 
that fuixy logic represents untapped 
potential for conventional program- 
mmg. "Fuzzy logic seems to be head- 
ing into the mainstream for special- 
purpose processing much quicker, 
especially in various types of vision 
systems that monitor quality." says 
Clifford. 

Fuzzy logic saves time in applica- 
tions that can accept close-to- 
optimum solutions rathar than a 
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FUTURE VIEW 



Consider ihe conirary com- 
puter HAL m 2001. A 
Space Odysity. or the self- 
re plicaung micromachines 
that eat computer memory 
in Star Trek: Tke .\'ext Gffieratum. 
Intelligent processing systems such 
as these never seem to do what their 
manufacturers want them to. The 
cyborg m the sa-fi classic The Ter- 
minaxor a another exampie. Just when 
you scart to hate the iron man. a scqud 
turns hsn into a mce guy. 'Jnfortunattiyr 
by this time, he's over fw; hill. The 
oneators just uuioduced ne« rr (and nas- 
oer) technology. 

Woven through thes« visions of 
the future are bits of reality. For 
instance, with the current pace of 
technological change, it can iikc less 
Chan SIX months for a state>of-the-art 
computer to become old technology. 
.And software viruses can gobble up 
monthly production reports tn seconds. 

Now for the good news. By 2002. 
microrobots may crawl through intel- 
ligent machining systems, pertonn- 
ing preventive maintenance ui areas 
previously inaccessible. Smart cars 
using mectiatronic systems may auto- 
matically adjust for dn\mg condi- 
tions, road surfaces, and passenger 
preferences. So^ar power couid become 
the cost-effective, environmentally 
safe way to fuel many advanced man- 
ufactunng processes, such as laser 
weldmg. 

Traditional methods of design and 
manufacture will give way to concur- 
rent engineenng (CE) strategies that 
target improved communications 
between design and manufacturing. 
AutomaKers. aircraft manufacturers, 
jnd even job shops will design for 
manufacturability These strategies 
will strongly influence development 
and deployment of advanced manu- 
factunng technology well into the 
next m:llenniurn. 

As more manufacturers promote 
coocurrent engineenng. Chaiies Hull, 
president. 3D Systems Inc 
'Valencia. CA) predicts rapid proto- 
typing technology will play a key role 
in helping them see a product before 
committing hard tooling. He adds that 
It matches well with the need for U'S 
manufacturers to shorten design 
cycles and improve design quality 



"This broad class of technolog>', 
which I call free-form manufactunng, 
allows a wide range of arbitrary 
shapes to be quicidy formed usmg 
pan uiformauon generated m C.\D 
systems." 

i:tchak Pomerantz. president. 
Cubitcl Ltd. (Raanana. Israel), sees 
the ;echno!og>' used for rapid small- 
scale production withm five years. 
When speakmg of rapid production, 
he notes you must distinguish 
between direct and indirect. The 
first method produces parts by 
toolless rapid prototypuig technol- 
ogy. The second entails part pro- 
duction using convenuonal casting 
or molding, but relies on patterns 
or tools made by toolless rapid 
prototyping. Sand-casting foundries 
may take advantage of indirect rapid 
producuon this year. Commercializa- 
tion of direct rapid producuon is not 
far off. with the first applications 
showing up in packaging. 

Currently, manufacturers wishing 
to implement wide-scale rapid pro- 
duction face several hurdles. First, 
rapid prototyping equipment vendors 
must improve part life ejcpecuncy 
since photopolymer aging and photo- 
degradation are more severe reac- 
tions in production than in proto- 
typing. Increasing equipment uptime 
also ts cntical. In all. Pomerantz 
expects another one or two years of 
expenence. and a couple of genera- 
tions of system reengineenng must 
take place to boost uptime of rapid 
prototyping technology to that 
demanded by production. 

In addition, while current proto- 
typing machines are universal, man- 
ufacturers will want to tailor produc- 
tion systems to specific applications. 
Even when we solve these problems. 
Pomerantz stresses that compames 
will never make parts by rapid pro- 
duction techniques if parts aren't 
designed for manufacture by the pro- 
cesses. This entails training design 
engineers about rapid manufactunng 
technology He estimates it will take 
two to three years for universities to 
create this next generation of rapid 
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designers, but this is onlv possible it 
the institutions have access to the 
rapid production :echnology 

9fOmipt lnt«flt 

For companies planning a move to 
concurrent engineering, recent 
advances in CAD-CAM. such as 
feature-based programming, show 
promise. Brent Bums, senior man- 
ager of manufactunng applications 
Intergraph Corp. (Huntsville. AL'. 
explains that today's typical CAD 
data file contains graph:c entities 
descnbing geometnc attnbutes of a 
pan or an assembly. CAD/CAM sys- 
tems of the future will also include a 
Urge amount of nongeometnc part 
information, such as part tolerances 
and required surface finishes, provide 
mg complete product models that will 
feed downstream manufactunng pro- 
cesses. Designers also will be able to 
see the impact on manufactunng cost 
when they add specific features to a 
puT. 

George Hess, vice president, sys- 
tems and planning. Ingersoll Milling 
Machine Co. (Rockford. IL). sees 
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feature-based proRramming as a cnt- 
ical enabling technology in the 
computer-integrated manufactunng 
iClM) environment of the '905. In 
1987. reports Hess, the firm's man- 
agement began the transition from 
computer'integrated to optimized 
manufactunng. This initiative entails 
extending CIM to the suppliers and 
improving productivity of support 
functions such as accounting It also 
targets use of a feature-based soUds 
tnodeling system from Cimplex Corp. 
'Campbell, CA) that will allow defin- 
ing both construction and machined 
features, such as holes and surfaces. 
When operational, the technology 
will be the core of an advanced rout- 
ing, generative process planning, and 
NC programmmg system 

By 2002. operator interfaces to 
CAD/CAM systems will extend 
beyond graphics-based user inter- 
faces to virtual-reality systems. In 
the report Forecast of Manufactunng 
Tffhnologtes for the 90s. AJ. Vitale. 
a Consultant with the Automation & 
HrtKluctivity Institute tStow. MA), 
predicts interfaces will no longcf be. 



bound by fingertip inputs or screen 
dimensions. Instead, the computer 
will work with the mind and senses of 
the us«r to create a virtual reality. 
People will buy mindware. not just 
hardware and software. 

The virtual- interface system «nll 
uke in sensory input, such as head, 
hand, or eye motion, and feed back 
sensory output, such as sight and 
sound. Using a bodysuit interface, 
cocnpktewnheye. ear. nose, and mouth, 
nput/output devices, the operators will 
have total sensory conuct with the 
computer, including capability to 
change the virtual environment by 
interacting with the system 

One benefit of virtual interfaces, 
notes Bums, is that designers and 
manufactunng engineers on CE 
teams will be able to hold a part 
electronically. "This edge is too 
sharp. " "I didn't think the part would 
be this light." and "Look. I can snap 
this handle ofr are phrases that wilt 
be heard before anyone produces a 
physical prototype. 

Vitale reports virtual-interface 
technology already used m applica- 



"Where there is no 
vision, the people 
perish ..." 

Proverbs. 29:18 



tions such ai wxt i«jntrcii >vs:em>. n 
some military nelKoptvrb In trif-c 
situations, thtr pilot s h«rin:e: and i;<>i;> 
gles connect to the virtual interlace 
System, which aims the jjuns wncr- 
ever that person iooks. .A companv m 
England is even selling video arcjac 
games with virtual mierface^ 

Virtual-reality systems m manu- 
factunng AM 1 1 feed olf NC simulation 
systems that include full machine and 
tooling data, predicts Burns As .1 
result, manufactunng engineers -.^ili 
be able to move an electronic version 
of a partially completed product trom 
one virtual machine to another 

Simulation tools, key to any con- 
current engineenng program, also 
will help reduce the nsks associated 
with introduang new technology to 
the shop floor. Mark Contesti. enj?i- 
neenng manager for CSI <Truy. ,M|j. 
which pr'^vndes manufactunng con- 
sulting and simulation services, 
reports the tool is already used to 
prove new processing lines. The next 
step IS to add simultaneous ert!o- 
nomic analysis. 

Current simulations analyze oper- 
ator sequences using mdustnal engi- 
neering estsmates. .According to 
Contest), true ergonomic analysis 
will evaluate issues such as part 
weight, how far the operator must 
reach to toad a specific too*, and tool 
weight. Once processing hnes are 
operational. line operators or manu- 
factunng engmeers willbe ^S|e to use 
the developed simulation models in 
shop-floor systems to evaluate how 
processing changes will impact 
throughput. 

"Simulation will also validate using 
rt>bot5 in manufactunng cells." savs 
Contesu. "Feedback from the simulation 
model will pro'/>de the basis for the robot 
control programming." 

Ingersoll Milling extends the ben- 
efits of simulation bevond its factory . 
The firm is using the technology to 



MAMUFACTUmNG ENONCERmC- JAWJARY 1992 



156 



138 



a help ihc cusiomcr 
use advanced 
m a n u t a c t u r I n g 
lechnology. Hess 
reports the firm 
offers graphics 
traimng sunulaiors that will help tram 
operators, programmers, and main- 
tenance personnel in use of its 
advanced manufacturing technology. 
The systems substitute color graph- 
ics terminals for the machines, yet 
they still depict all machine motions m 
real tmie in response to the NC part 
program or manual data input com- 
mands. So far. results indicate sim- 
ulation can reduce training time by 
haU. 

Hess also sees the firm explonng 
enabling technologies such as expert 
systems to automatically develop NC 
programs and solve ounulactunng 
processing problems. Other aruficial 
intelligence (Al) will be implemented 
as the technologies mature. 



Adding lntoiHc«nc« 

Vitale at the Automation & Pro- 
ductivity Institute sees Al techniques 
used in manufacturing emulatinK 
human performance in areas such as 
decision-making, natural language 
processing, vision, and robotics. Ai- 
based approaches that will aid con- 
current engmeenng efforts in the 
future factory will include knowl- 
edge-based systems, fuzzy logic, and 
neural networks. Each will have its 
strengths in problem reasoning. 
Solving some problems may require 
hybnd systems. 

Knowledge-based systems, often 
called expert systems, capture expert 
human knowledge as symbols or rules to 
provxle users with insight on how to 
react to situations. According to Vitale. 
these systems work best on well- 
understood, nondynamic problems 
that require precise calculations. 

In one example, manufacturers 
troubled by fabrication cracking in 



heavy Constructions can ^et help 
from 3 diaRnostic svstem caiico 
Weldcrack Expert. This m:croci>in- 
puter software package Irom TWj 
>Cambndge, England) uses stored 
knowledge from leading weldint! 
ens^neers and metallurgists lu t^uide 
the user through a senes of questions 
about a crack's appearance and loca- 
tion. From the answers, the system 
diagnoses the probable cause. 

T\\'\ reports the expert welding 
program works well in applications 
examining hydrogen, solidification, 
reheat, and liquation cracks, m addi- 
tion to lamellar tears. It can displav 
photographs and bchematics oc weld 
microsections and provide operators 
with more than 30 digitally scanned, 
metallurgical photographs of classic 
fabrication cracks. Questions, 
responses, and results from each 
session can be stored on disk or 
printed. This allows building a librarv 
of case studies for future reference 
when tacklmg similar problems. 

Nevertheless, life isn t always so 
simple that manufacturers can solve 
all problems using fixed rules Some- 
times, fuzzy logic IS necessary, savs 
Vitale. This .Al technique relies on 
fuzzy sets, rather than stnct. precise 
modeling methods, to deal with 
uncertainty. The system differs from 
knowledge -based systems in that it 
[nay pnontue some rules and disre- 
gard others durini; optimization 
Since output tends to be smooth jnc 
continuous, this Al lechn^ue 
becomes a good approach tor control 
of continuously vanable systems 

Omron Electronics iSchaumburg. 
IL). US subsidiary of Omron Corp 
(Japan), is already marketing luzzi 
logic modules for programmable lo^^t. 
controllers. Expecting the concept to 
significantly affect industnal controls 
through the decade, the firm made 
the concept a high R&D priority .Aa 
a result, it projects thai at least 20*7 
of Its products Mdill use fuzzv Idgu 
wuhin three years 

Dunng the next lo years, \ itale 
sees fuzzy logic embedded in man\ 
software products without fanfare 
Neural networks, however, still 
won't see widespread use. These are 
based on biological or mathematical 
models that loosely imitate the wa\ 
the brain functions The dvnamtc 
self-adapting systems can modti\ 
responses to external forces by reiv- 
ing on prior experience In other 
words, neural nets learn (rom ihe 
past, savs Vitale. Kach network has 
several interconnected processing 
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elements function- 
ing in parallel 
Since information 
storage is distnb- 
uted throughout, 
the network has 
no memory Rather, it stores infor- 
mation as patterns and weights of 
connections between processing ele- 
ments, evoking this information 
when necessary 

Most neural networks are soft- 
ware implementations on current 
computer hardware Neurocom- 
puters. of which there are few, ire 
neural nets implemented ;n hard- 
ware This computing method dem- 
onstrates significant capabilities m 
solving problems that are highly van- 
able, data intensive, dynamic, and 
complex tn addition, its neural net- 
work IS tolerant of ambiguous, incom- 
plete, and conflicting data. Based on 
these features, neu recomputing mav 
become an alternative computational 
approach for complex applications 
mvoKing robotics, vision, industnal 
control, and modeling. 

Vitale lorecasts that neuro- 
computers ^ased on multiprocessor 
designs will be available as off* 
ihe-shelf items by "95. .Aggressive 
manufactunng users will have prac- 
tical systems on line Dv decade's end. 

M«ch«tro4ilcs Md 
Smart Mat«f1«l> 

Brock Hinzmann. program man- 
ager at Stanford Research Institute 
Intemational's Business Intelligence 
Center 'Menio Park. CAi. predicts 
mechatronic systems will also radi- 



cailv alter product design and devel- 
opment. These integrate sensors, 
actuators, and control tunctions in 
one intelligent system to improve 
precision, performance, effxiency, 
and ease nf use. Technotog;.' advances 
underpinning svstem development 
include the following: 

• Stnsors. Size and weight oi tra- 
ditional sensors preclude their use 
tor manv applications. Look for 
microsensors. mcluding semiconduc- 
tor, fiber-optic, and biosensors to 
open up new application areas. 

• IntfuraUd circuits, Pnce.-per- 
tormance continues to improve to the 
point where 32-bit microprocessors 
costing less than $5 are iikely to be 
standard technology' by 95. Working 
m concert with the systems, reduced- 
inst ruction-set architectures will 
improve real-time processing of large 
volumes of information. 

• Smart power. ICs that combine 
power-controi switches and logic 
circuits on the same chip will allow 
designers to reduce system size jnd 
weight, in addition to improving its 
rehability 

Complementing and enhancing 
these technologies are smart mate- 
nals that change shape, color, form, 
phase, electric fields, magnetic 
fields, optical properties, and other 
physical charactenstics in a pre- 
selected response to stimuli in the 
environment. Hinzmann sees these 
matenalb leading to new mechanical 
concepts— actuators and motors that 
operate without traditional mechani- 
cal components, such as gears and 
pulleys This vnll help manufacturers 




respond to important trends iiKe 
demateriahzation .doing tasks witn 
less material]. 

'Smart materials help bndge the 
gap between the abititv ;o ma mo ui ate 
information and capability to use chat 
information to oirect meciianicai 
action." savs Hinzmann. "Desmners 
villi be able to use the matenals tu 
simplify products, add teuiure'^. 
reduce material use. or reauce ir.e 
expense and comptexitv ot providing 
proaua vanatjons tor market mche* 

The concept of smart >tnjcture5 
-assemblies built with sman materr 
alsi grew out of the special require- 
ments %if :he ioace program Fu: 
instance, there is no natural camping 
in space, according to Protessor 
^>athyanarava Hanagud Jt Oeormj 
Institute ofTechnologs' i.Atlanta). r«. 
maintain proper shape, a structure 
^uch as a boom must have sen^utv 
that detect deformations in r<;al time 
and actuators that autonomuusi'. 
counteract those detarmationb 

Building on this concept. Hanaguc 
recently completed an engmeenng 
■»tudy for the .Armv Research (Jtfice 
where he bonded piezoelectnc sen- 
sors and actuators to slender beam 
models of helicopter rotor blades in a 
bucccbstul attempt to damp vibra- 
tions. He plans further researcn on 
(ise of >pecial electrostatic films and 
^hape memory allovs lo produce ihr 
same effect. 

The current generation oi imurt 
materials and structures remains 
devoid of any adaptive learning 
capacity, reports Professor Mukesh 
V oandhi at .Michigan State Cniver' 
sity ;East Lansing). He believes man- 
ufacturing engineers should charac- 
terize the smart materials for 
structural applications by their abiliiv 
10 respond in real time to changes m 
external stimuli, to interface with 
modem microprocessors and sohd- 
state electronics, and to exploit mod- 
em control systems. 

Gandhi adds that manufacturers 
wilt achieve these characteristics 
through coherent integration of the 
following: a structural matenal. a 
network of sensors, a network oi 
actuators, microprocessor-based 
computation capabilities, and real- 
tune control capabilities. The net- 
work of actuators will provide the 
muscle to make things happen, the 
network of sensors will be the ner- 
vous system: structural materials 
will make up the skeleton, and the 
microprocessor -based computational 
capabilities will add the brains that 
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I ensure good sys- 
tem performance. 
Take advanced 
I composites, for 
example. Gandhi 
I and other MSU 
researchers are studying sman sys- 
tems based on these matenals that 
use electrorheological fluids embed- 
ded in macroscopic voids m the lam- 
inates. The fluids include micron- 
siied hydrophilic particles sus- 
pended in suitable hydrophobic ear- 
ner liquids. When subjected to elec- 
tnc fields, they undergo instanta- 
neous reversible changes m maienal 
characters lies. .As a result, the com- 
posite structures can dynamically 
tune their vibrational charactenstics 
in real tune by imposing speofic elec- 
tncal fields on the fluid domains. The 
voltages required to promote phase 
change are typically m the order of 
one to four kV per mm of fluid thick- 
ness, but because current densities 
are in the order of 10 nA per square 
centimeter, the total power required 
to tngger ihe reaction is very low. 
Fluids typically take less than a mil- 
lisecond to respond to the electncal 
stimuh. 

Future smart matenals w>ll be 
capable of self-diagnosis, repair, and 
leammg. notes Gandhi. They also 
couJd have capability to anricipate 
problems. .An attack helicopter would 
ihen be capable of in-ilight structural 
jurveillance if us rotor is a smart 
composite structure. On detection 
and measurement of changes m the 
rotor's vibrational response charac- 



tenstics. the sensing network would 
begin a qualitative and quantitative 
damage assessment. It could then 
initiate a corrective action, such as 
redistributing loads around highly 
stressed regions of the rotor struc- 
ture to control damage, or even 
instruct the helicopter to abort its 
mission. 

.Also cntical for future mecha- 
tronic systems is micromschining 
technology. Techniques exist for 
producing functional devices or 
mechanical parts smaller m diameter 
than a human hair. This size allows 
placing Sensors directly on ICs and 
using gears, motors, and a vanety oJ 
actuators in micromachines or 
microrobots. A recent Microma- 
ckints technology impact report from 
Frost & Sullivan (New YorkJ defines 
micromachincry as that consisting of 
gears, shafts, and other components 
that function in the same general way 
as full-scale machinery. One example 
IS the electnc motor developed at the 
Berkeley Sensor and .Actuator Cen- 
ter at the University of California 
(Berkeley) The rotor ot the de%nce 
measures 60 urn. whereas a human 
hair measures 70-100 (j.m. 

Louis Pasteur once said "...the 
part played by the infinitely ismall 
seems to be infinitely great. " This 
becomes more apparent as manufac- 
turers explore use ot micromachines 
that work in the world of individual 
atoms. One atom is '-ao-vm the size of 
a bactenum. A bactenum is '/luix^j 
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the size oJ a mosquito. Elements the 
size oi bacteria are in the mtcroworta . 
measured m microns 

The laws ot phvsics ^ive micro- 
machines some advantages over iheir 
full-scale cousins, accoramj? to Hone 
Li. PhD. research ent-ineer. Pana- 
sonic Technologies Inc <Cambr:d5e, 
MA). Microrobots. lor example. 'v:i! 
have capability to move only j tew 
micrometers at a time Thereiore. 
they -Afill be significantlv more accu- 
rate than their lutl bcale cuusir.b. 



Virtual- reality 
systems will feed oft 
NC simulations that 
include full machine 
and tooling data 



Micromachines also *l3in advan 
tages when you consider Newton 
seconG law — torce is the product n 
mass and acceleration, since ma»^ l^ 
very small, acceleration will be enor 
mous for a given torce. For example, 
a microscopic silicon air turbine 
recently developed rotates at J4.0iKi 
rpm using simple silicon heanncs 

The technologies useo to machine 
microroboi componenib will i.ar-. 
reports Li, with each ha\ine 'jpecicc 
advantages over the others Fur 
example, unlike etchinn tet.hnique"' 
that can machine only -silicon mate- 
rial, micro electrical aischari?e 
machining lEDMing) can pioce^i anv 
conductive matenai. including Tiet- 
als. ceramics, and >ilicon 

Micro EDMing also produce* a 
surface finish around 0 Iji.m R->^,. j 
value Li savs is much higher ihan 
attainable wnth a laser machine The 
process offers better part accurac-- 
than laser-beam, electron- be anr.. and 
laser-chemical machining In addi- 
tion, roundness of 0. 1 pim ib posiibk 
and straighiness of EDMed micro 
shafts approaches 0 5 um 

According to Frost & Sullivan, 
industnal applications being explored 
formicrocomponenis are exact align- 
ment of lasers. light detectors, fibers 
used in fiber-optic communication, 
accelerometers in robotic control, and 
force-balanced transducers These 
components will also form the basis of 
micromachines and microrobotb 

To study micrornboi feasibility, 
the Artificul Intelligence Lab at the 
Massachusetts Institote of Technol- 
ogy (Cambndge> developed a robot 
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one cvbic inch in 
volume that h«dts 
in the dark hsten- 
ing for rounds. 
When all is quiet. 
It ventures out m 
(he direction of the last sound heard. 
It then Hnds a new hiding place, and 




the ptocess repeats Although larRe 
by micromachine standards, the 
robot reportedly uses techniques 
that may extend to the microrange. 

Another MIT robot, called 
Genghis, weighs in at 2 lb (0.9 kgj and 
looks like an artificial ant. It also was 
designed to test the sensing and 



inteMigence capab:litiei ot 
microrobots The six forward- 
looking, cone-shaped, passive intra* 
red Sensors are une part ot the 
robot's sensor package Ot lour on- 
board microprocessors, two interact 
wih the motors, one monitors the 
sensors, and one runs the 




cfMi9rMI«t1iidaiiM«ttftno», tb« 

toofa«> Croak pMt cxpci » 

the OMcfane M it operates, coopcnutiaf for matenai^ 
wear, oralignmest topcT)dace»goodp«KteTCX]rtiiiir 
(siinjUeneural'iiet operaoona are expected to b*iaua« 

in the next 10 yean) 

Nontraditional mack\nint—\t%tT procesaioff* 
water}et, and EDM techoolooea are pa«t the gaxafc- 
sbop suge and becoouDC fuUy todastnaiixed. Ther toay 
nuke plastics and compoeites the materials of choice 
m seme ipplications because of the esse of 
tnamt^aurabdity they provide. For example, because 
waterjets and lasers don't get dull, they can produce 
finiah cuts in complex and difficult materials. 

Dr. V.C. Venkatesh. Center for Manufacturing 
Research and Tednobgy Utilizadoa. Tennessee Tecfa- 
meal University (CookeviUe): 

Matenai'"iHcrtss" maHtifacturing by rapid 
prototyping. The word "incress** (from "increscent," 
meaning becommg gradually greater), encompasses 
the use of powders, liquids, and solids as source 
materials. Powders are used in selective laser 
smtenngand 3-Dpnntmg. Liquids are key components 
for shape melting, fused deposition, ballisuc-partide 
manufacturing, and liquid polymerization. Solids are 
used in melting to remove excess material, gtumg of 
sheets, and polymerization. 

Plastics and new processing teckntquts. Gas injec- 
tion molding for improved finish and fusible 'CO re injec* 
t!On molding for weight reduction will gain recognition. 



CMC coetTTiUm with 
wilt amonurirally gen- 



tWCco<i«»b»i«ioapartfiMtnreaw They wili also 
periinaid H*^ * * LU^ otM«diiWB»aad process mon* 
itooBC. b» aW* to d»aM»p*ooes* planmng. and have 
thriimlftisn tonw 



; K. GcHMfi** senior proiect engineer. 
AIIied-Si(nftl AcfOtpMX Co. (Kansas City. MO): 

Smtiottckml9g} im Jiicrtrt^«ft>— the ability to build 
parts bom atocna roechuKaUf pUced together to cnake 
nateiiila deoser. morecrystaUiRe. stronger, and more 
electrically coodoctTre. Few manofactuzisg engineers 
are even aware of this tecfanolocT- 

Dtsktop mantifactimni'-^toXtATp^ parts finished 
ovemi^. This win save milUons as the range of 
materials expands significantly. The processes will 
probably never get much tester than today, but tol- 
erances will improve. 

Process ckafac/*maft'#K— understanding minute 
process details and resultant capability. We're stUI 
trying to catch the Japanese on this — in*depth process 
knowledge is being lost m US industry that we must 
recapture. Even specialty shops do not have the 
expertise to answer customer questions about their 
own equipment or processes. 

Determmtsttc manufactunnt^tnomtofmn process 
charaaenstics. not part charactensucs. This is the abtlity 
to detect when one process vanatile changes before a smgle 
bad part is prodiiced. instead of relyvig on statistical 
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subsumpiion architecture that gives 
the robot its intelligence. Three bat- 
tenes fit between the lei^, making 
the robot self-contained and giving it 
more flexibility to roam. 



Should fuil-scaie iron men also 



walk through manufacturing cells? 
Researchers at Auburn University 
(Auburn. ALi. including graduate 
research assisunt T.Y. Wang and 
Assistant Professor G.J. Wiens, 
think so. J.T. Black. PhD. PE. direc- 
tor of Auburn's Advanced Manufac- 
turing Technolog>* Center, reports 



that cell size is constramed by ihe 
working envelope of conventional 
stationary' robots. Robot process 
capability (RFC) also is key This li 
basically a function oi robot-arm 
extension length — the further the 
robot reaches, the worse its accuracv 
and repeatability. Making the robot 




both jtrTJctare- and coiAroim^ t» tom3maK tecbmattr 

excituxs » fly"f^ 

Oar udMtiT lacks education^ twwer e r. Noandst* 
ent apprenticeship prognms and as a^isc wofkfoTce 
teave us fomb&ig and grasping at wfaat !ittle we know 
about pMt or ensong technologies. In the panic to- 
produce, there is little time to contemplate new tech- 
oologies. The tried 4ind true seems to be the safe path 
for most industries. Within 10 years, there will be no 
path for these indostnes. They win have disappeared 
m the cracks. 

QWlMrt hew bMM tll# M|{(Mt flMMMlfftCtlNfflf 
t9clNioto£f dhMiMoinlnMiitB in i 



fKtory of tlw Mm? 

Joseph J. Baran, director of operations. 
Watervliet Arsenal (Watervliet. ^nO: 

With the repeatability and reliability of CNC 
machine tools unproving (but still with a long way to 
go), variability results primarily from materials and 
(ooling. The biggest disappointment has been the lack 
of integration of sensors, adaptive controls, chip con- 
trol, ind tool monitonng-'management capabilities with 
machine tools. These technologies are critical to 
reducing vanability and moving to limited or untended 
workstation environments 

Sanjay Joahi*. PhD. assistai. vofessor. Depart- 
ment of Industrial & Management jystems Engineer- 



fsstffc F- fiigiT»sicis> chaanosaii. Transitions 

M^ficMmrobalics^mit waft there at the begm- 
tmg. Bar me. tiiv bigtest maooiactnimg technology 
disappaiatiBenc w tSm Eaiare of robotics to permeate 
pcntactioiu ETCittfae irrespoosible forecasts of media 
scfisatieaalist» aod finaariii p— diti should have come 
to paaa by now. 

What bqrpcacd? In the beat of the chase, the giant 
Utecoiacn bottcbt in and treated robotics bice a cotn- 
niodit]r. After tosarg prodigwus amounts fighting for 
nurkct share, GE, Westin^ioose. United Technology-, 
IBM, aod such quit, leaving the little guys in disarray. 
Japan, with tDcremcotal advances, took— and now 
dominates— the indattnal rt>bot market. Meanwhile, 
no one was fundaaeiitaliy advancing the state of the 
art. When I was asked to update my 1980 book. 
Rohotia tn PractKf, I downheartedly demurred on the 
grounds oothing much had changed m a decade. 

IS we had made our robots autonomously mobile, 
sensate. articulate, and imbued with artificial mtelli- 
gence. the stand-alone robot worker could have 
become reality. 

But. not to worry. To perform in service activities, 
robots must be more humanlike. That is where the 
acttonis today, and the smarts are right here in the US. 
Ten years from now. we tn service robotics will 
magnanimously share robotic mtelli gence with manu- 
facturing folks who have r<* legated robots to being just 
another autOTnatwn subset. 

'RKtnt napttnl «/ SHE'S Ytwtg M*M*/»ctmm^ Eninmr tf tkt 
Ytar tw€r* 
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mobile alloM^s 
bnnging usks into 
a better RPC 
region ot the 
workspace by 
raoving the robot 
clOMT to each maciuoe. Designers 
have more flexibtlity to reprogrMi 
robot paths and reconfigure cells. 

It IS relatively easy to find a roech- 
amsm. such as wheels, tracks, rails, 
legs, and air patfcts. to make robots 
mobtie. In the manufacturing envi- 
ronment, however. Black stresses 
Che mobile mechamsni must be eifec- 
iive. flexible, and low-cost. Funher- 



more. the chosen mechanism can't 
interfere wth ensung manuuctunng 
activities. For this reason, the 
Auburn team is usmg air pallet tech- 
nology to hetf> a robot move. 

The .'\ubum mobile robot uses an 
air pallet that also has vacuum seals 
and IS connected to a vacuum pump. 
These provide the chucking force 
between the robot base and floor 
when the unit is stationary. When the 
robot must move to a new location, it 
grabs a post, turns the air pallet on 
and the vacuum off, and pulls itself to 
that location- The project, sull in its 
infancy, ts exploring use of vision 
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technolog>' to aid in location. 

Robotics also plays a critical role m 
a high-power, nonvacuum electron- 
beam weldmg process just developed 
by a United Kingdom-based venture. 
The panners in Cambndge Power 
Beams (CPB). Bristol. England, 
were onginaLy brought together by 
the EC Eureka EU83 project to 
develop a 25-kW laser. They jomed 
forces to develop the high-power 
nonvacuum electron-beam weldmg 
process under Eureka project EU86 

Current arc and laser methods are 
locapabte of penetrating much beyond 20 
mm mto steel. They also wai,:e a lot 
of heat that can distort the surround- 
ing metal. CPB reports conventional 
systems use a beam of electrons that 
penetrates up to 300 mm in steel but 
require use of a vacuum chamber. 
This not only limits the size and con- 
figuration of components, it 
mcreases process costs. The firm s 
nonvacuum machine will weld up to 
lOO-mm-thick steel at 500 mm/mm :n 
one pass with no distortion. It also 
welds complex alloys and dissumlar 
metals. To prevent oxidauon. the 
system shields the workpiece with 
helium, which produces less beam 
scatter than other inert gases. .\n 
electron-beam welding bay. a simple 
concrete structure, will shield hard 
X-rays. 

To Uke full advanUge of the lack 
of distortion caused by electron- 
beam welding, the robot head carry- 
ing the beam will mount on rails to 
give subility. Leadscrew drives used 
in maoeuvering will allow weld accu- 
racy of O.l mm. 

Future applications for the high- 
power, nonvacuum electron-beam 
machine could include cuttmg. heat 
treatment, and chemical processing, 
according to partners m the project. 
These iodude the British firms AEA 
Technology, International Trans- 
formers, and Vfi'l. in addition to 
Denmark's Force Institutes. Interna- 
tional Electronics and Manuel Torres 
Disenos Industrules of Spain, and 
Messer Gnesheim of Germany. 

In the near future, concentrated 
solar radiation m^y power many of 
the high-powered radiat.ve pro- 
cesses and impact their design. 
Researchers at the National Renew- 
able Energy Laboratory (Golden. 
CO: telephone: (303) 231-14491 
recently demonstrated the feasibil- 
ity of processes «uch as solar- 
induced surface transformation 
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of nuienals. solar- 
powered miDufac- 
luhng. and solar- 
pumped lasers. 
Sunlight also can 
provide an alter- 
native method oi detoxifying hazard- 
ous waste. 

The advanced solar manufactunng 
research is managed through NREL's 
Mechanical and Industnal Technol- 
ogy Division, which is dedicated to 
bringing Amencan industr>' practical 
renewable alternatives that reduce or 
replace fossil-fuel-based energy 
sources. John Anderson, program 
manager for the solar industnal pro- 
gram, reports researchers are 
explonng new techniques for manu- 
facturing advanced matcnals that use 
N'REL's solar furnace. The furnace, 
which began operating in 1990. 
allows researchers to study the prop- 
erties and applications o; very high 
solar flux. The facility currently can 
produce solar flux densities of up to 
SO 000 suns (5000 W/cm*). 

The solar furnace cunsisrs nf a 
heliostat that tracks the sun and 
reflects incoming iolar energ>* onto 
the stationary pnmary concentrator, 
which consists of 23 individual, 
curved facets. These collectively 
focus the solar flux at a point in the 
test lacility that is just off the pnmary 
axis. The Jong focal length ut the 
anmarv concentrator produces a 10- 
tm-diam concentrated beam of 
approximately 2500 suns at the cen- 
ter 01 the target area. When a se(.ond- 
ary cuncentrainr is placed at the beam s 
tocus. the solar flux can be increased 
10-20 tones. 

These performance charactens- 
tics put {he solar furnace at the cut- 
ting edge of solar mdustnal process 
research, says .■Mian Lewandowski. 
project manager, advanced maten- 
als. One advantage the furnace has 
over conventional power generation 
methods IS the capability to [produce 
verv high temperature directly from 
the sun. For example, researchers 
melted through a 2* (51 -mm) alumina 
fire bnck — which has a melting point 
of l800*C--in less than 1 mm. 
Another benefit is the extremely high 
rate uf heating made possible by high 
solar flux Very thin layers of the 
illuminated surfaces can then !}e 
dnven to remarkably high lempcra- 
lures in fractions of a second The 
third characteristic is the furnace s 
abihty to deliver the entire sular 
spectrum ffrom ."JOO to 2500 nm) 
This alluws researchers \ti study 



applications requinng either broad 
spectrum radiation or a particular fre- 
quency, ranging from the infrared to 
the near ultrrmlet. 

The key t<. solar-induced surface 
transformatio.i of matenals is the 
rapid, controlled heating that alters 
the surface of a workpiece without 
affecting us base properties. NREL 
researchers are refining ways to use 
solar energy to produce surface mod- 
ifications cntical to a number of mate- 
nals technologies including harden- 
ing, cladding, chemical vapor 
deposition (CVO) for applications 
such as cutting tools, and the manu- 
facture of electronic components and 
arcuitr>-. Preliminary economic anal- 
yses indicate concentrated solar flux, 
when used in large-scale production 
applications, could produce these 
matenals at one-half to one-quarter 
the cost of productKm associated with 
the convenix}nal radiant methods. 

Solar transformation hardening of 
steel, for example, is reportedly 
competitive with laser-based tech- 
niques. Usirg solar radiation to clad 
applied powders to steel substrates 
also IS generating consider- 
able mdustnal interest. 
According to Lewan- 
dowski. this IS 
because of the 
excellent metal- 
lurgical bonds 
produced be- 
tween the melted 
powder and sub- 
strate. Manufac- 
turers can obtain 
desirable proper- 
ties of an expen- 
sive material 
such as a super- 
alloy by cladding 
relatively small 
amounts to a tess- 
expensive sub- 
strate base such as 
mild steel. 

Solar furnace 
technology is well- 
suifed to CVD because 
the surface heating can 
be closely controlled, 
eliminating the forma- 
tion of solid product on 
surfaces other than the 




material of interest. .SfREL is inves- 
tigating the CVD process lor produc* 
tion of coatings such as titanium 
nitnae and silicon carbide, in addition 
to thin hard-carbon films- 

Solar-pumped lase-^s have been 
stucJied for more than two decades, 
but low beam concentrations limited 
the conversion efficiencies to approx- 
imately . Wiih the upper bounds ot 
attainable concentration now near 
50.000 suns, conversion efficiencies 
approach .According to Ander- 
son, there is potential to provide both 
high power and high efficiency tor 
several types of lasers To prove 
this. NREL will demo" urate a small- 
scale. 5't-eific:ent ivstem miJ\ ear at 
the University oi Chicago 

Systems such as this will alsti 
have advantages in space and lunar- 
surface manufactunng because the 
concentrated sular radiation tech- 
nolog>* would produce greater eiii- 
ciencies than attainable on earth 
Available solar rac lation increases bv 
70^ outside the earth's atmosphere- 
and the ultraviolet portion .it ;he 
spectrum expands dou.'n tu 
200 nm. providing more energy 
for photolvtic interactions 
.Also, the direct use oi 
solar radiation would 
employ a much smaller 
sf>lar-collecting svv- 
tem because ot the 
* high elfic!enc:e> 
•nhcrent m thr 
technology 

In addition in 
;aurface modification 
applications. Lewan- 
dowski reports 
manufacturers <n 
space would be able 
to use applications 
such as materials 
joining, welding, 
fabricating, repair- 
ing, and surface clean- 
ing. He stresses the 
long-term success ot 
NREL'b R&D projects is 
tied to Its close working 
relationships with industry 
and other outside research 
urganizations The 
National Renewable 
Energy Laboratory works 
with mdustnal partners 
through a variety of 
arrangements, including 
cost-shared demunstra- 
tions. joint research 
projects, and cooperative 
R&D agreements ■ 
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and Dtvalopjaant Frograaa, Ha joinad Digital in 1981 upon coaplating a 
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Aritona 8tata Univaraity and a Naacar of Scianca pagraa in Kaaaarch 
and Davalopaant gyataita Hanagamant fro« tha Univaraity of Icutharn 
California, Ha complatad additional poat graduate work in Libaral 
Acta and Public Admini at ration at Clark univaraity. Hia acadamic 
honora Includa »a&barahip in Tau Bata Fi, Sta Kappa Nu, and lata 
Gamaa Sigma. 
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Mr. Boucher. Thank you very much. 

Tie gentleman from California, Mr. Packard. 

Wc, Packard. Thank you, Mr. Chairman. 

iJr. Agogino, do you have contact with other engineering educa- 
tion coalitions where you can share some of your findings relative 
to the engineering design and education program? 

Dr. Agogino. We've collaborated on a number of projects with 
the second coalition out of the first round. The second round of coa- 
lition awards I think are just too recent. We haven't established 
any collaboration with them yet. 

Mr. Packard. You mean with other universities that are in- 
volved in the Synthesis Coalition? 

Dr. Agogino. Well, certainly within our own Coalition we're 
quite active. We make a point of meeting at each other's institu- 
tions and at some common location that may be involved with con- 
ferences associated with engineering education like ASEE. 

Mr. Packard. Have other universities shown an interest in what 
your Coalition is doing? 

Dr. Agogino. Absolutely. I've spent a lot of time traveling to 
other universities and conferences to make presentations at their 
request. 

Mr. Packard. What do you do to disseminate the information 
that you are gathering? 

Dr. Agogino. Well, we certainly published a number of papers. 
The goal of our Coalition is to create a national computer network 
as well, called NEEDS (the National Engineering Education Deliv- 
ery System), and that is to be a mechanism for mass transportation 
at least of the computer-based curricular materials. But we also 
have put a lot of effort into the publications, conferences, links to 
professional societies and other linkage activities. 

Mr. Packard. Thank you very much. 

Dr. Bordogna, what does the NSF — what are their plans to im- 
plement the recommendations of the NRC report? 

Dr. Bordogna. Let me answer that in two ways. I commented 
that there are five portions of their report, and Mr. Markovits, this 
morning, detailed them, for example, intelligent manufacturing 
control. We have programs in each of these and Yll mention a few. 
But the purpose is to integrate all of these. We are very concerned 
about there being separate efforts and pieces, and the idea is to try 
to collect all of this and have an impact in some way. 

For example, in intelligent manufacturing control, which is one 
of the five real important parts of the ''Competitive Edge" report, 
we have an intelligent control systems initiative, which is funded, 
development of new sensor technologies, which is not funded as 
much as it should. This happens to be what I personally think is an 
important technology not being attended to properly. For example, 
we don't have an ERC in that yet, and that's one reason why we 
should have more ERCs. It is a very specific focus. If you talk to 
manufacturing people, this is a great need. 

To put that in a little more context — sensors are important to 
use intelligent machines. Unless you can get the information in the 
machine, can't really use its intelligence to make a decision. The 
Engineering Research Centers and the Industry-University Cooper- 
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ative Research Centers both deal with intelligent manufacturing 
control. 

Let me just mention a few more. Manufacturing of and with ad- 
vanced materials, that's important. There is a material synthesis 
and processing program underway now in fiscal 1992 which is new, 
sort of as a precursor to the proposed AMP program, the FCCSET 
program for next year. And we have a very interesting new an- 
nouncement — in manufacturing which deals with chemical manu- 
facturing. You know, there's assembly manufacturing and also 
chemical manufacturing, which has a lot to do with messing up the 
environment. 

So we have a new announcement called ^^Environmentally 
Benign Manufacturing Processes." And that's important also from 
the viewpoint of— well, two things. The design— the idea is not to 
create an environmental engineering initiative in NSF, but to have 
the environment considered at the front of every design of any 
product. The second important part of that is the front cover of 
this announcement>-has both the NSF logo and also the Chemical 
Research Council, which deals — which is an industry group which 
deals with chemical engineering departments. And inside this an- 
nouncement, as a way to try to force more interconnection with in- 
dustry, a researcher at the university who would submit a proposal 
cannot do so unless there's an intellectual connection, as opposed 
to a fiscal connection, with someone in industry. 

So, in summary, all these five portions of that report have pro- 
grams under them. 

Mr. Packard. Thank you very, very much. 

Mr. Boucher. Thank you, Mr. Packard. 

Dr. Bordogna, let me inquire a little bit about the additional 
ways that the NSF intends to meet the challenges that have been 
outlined here this morning and are reflected in the two National 
Research Council reports. One of the things the report suggests is 
that we encourage what it refers to as a new architecture for learn- 
ing in these important fields, and it suggests that maybe what we 
ought to have is teaching factories that would be modeled along the 
teaching hospitals in which doctors are trained today. In any event, 
it's clear that a new architecture of some kind is called for. 

Can you tell us a little bit about how your NSF programs are 
geared to produce that new architecture, and generally what level 
of resources do you intend to devote to that mission? 

Dr. Bordogna. Well, the enabling work force is a very, very im- 
portant component of getting the job done, as well as the enabling 
technology and enabling management ideas. So it's a focus. 

And you have to realize, which I'm sure you do, that everything 
at NSF that's done in research must be done in an educational 
mode. The two are connected, and that's a very, very important dis- 
tinction of NSF's effort. So we must pay due attention to that. 

You've heard about the Engineering Education Coalitions. It's 
very, very important that those Coalitions involve industry up at 
the front end. This is another paradigm shift. We generally in this 
country in academe have developed some nice ideas about research 
and education. They've been developed by the faculty in-house. 
And then afterwards, after a few years of endeavor they go out to 
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our industrial colleagues and say, "Please join us." And this is a 
thing we have to change. 

All these efforts now bring industry up at the front end, at the 
beginning of development of the idea, the program, so they become 
party to it. And this may seem like a simple thing, but it's very, 
very important to have — for the purpose of having industry in- 
volved up at the front end. 

The ERCs have this, and the Coalitions have this, and it*s not ac- 
cidental. This is an important part of what is going on. So the 
ERCs and the Coalitions have two important facets: the industry 
connection on the front end of developing programs and therefore 
being total party to it, and also being available so that the students 
have access to industry. This is the way the flow is going. And a 
second important facet is both the Coalitions' programs. Education 
Coalitions and the Research Centers have the concept of integra- 
tion, and I want to bring in and make a forceful point about this. 

The real problem as we see it, and I think collectively too — I 
have a personal, a strong feeling about this, but I think collectively 
in the Nation the reason the ERCs were developed and the reason 
the Coalitions program was developed is that we don't in academe 
teach integration. We spend our time in academe in this country — 
it*s the great strength — in picking apart topics and teaching very 
focused efforts, so people incisively and deeply study something. 
And the quintessential end of that is a Ph.D., which is very impor- 
tant, leads to Nobel Prizes and should be nurtured. So that, as Dr. 
Agogino implied, that all undergraduate curricula, not just engi- 
neering, are a collection of courses each of which is disconr acted 
from the other. 

So an important part of this whole process is to integrate all of 
that. And, for an engineer, the reason for being is to construct the 
whole — to make things out of something. So engineering science 
has been not quite the only thing to do. We've done that very well. 
But it's science and it's analysis and it's focused. 

So how do you do this integration? Well, one way, as the previ- 
ous panel mentioned a couple of times, is in the freshman year — 
Dr. Agogino's doing this too — is to start the engineer mg process up 
front. Have the students involved in how you put things together, 
not just in how you take things apart and study pieces of it. This is 
not possible to do without a lot of help from industry. 

Now, you asked a specific question about this cbitecture of 
having the engineering students do something like the medical stu- 
dents do, where they go out and do clinical practice. And interest- 
ingly, about 6 or 7 years ago the medical schools began to have 
their freshmen, first-year students do clinical practice. They used 
to wait till the back end too. Like in engineering we still do. W*. 
wait until the senior year to do a design project. It's much too late 
because the whole idea of design and putting things together is the 
essence of engineering. 

So we need a turnaround here. In all these programs, and under- 
graduate in particular, are to start this process at the front end. 
We're going to need a lot of help from industry to make that prag- 
matic because there's no teaching hospital at an engineering 
school, for example. And there should be no intention to develop 
such. But we have to go out to industry and make connections. 
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We re not quite sure how to do this, but the flow is that way. 
And the most important piece of this is in both the Engineering 
Research Centers and the Engineering Education Coalitions. For 
example, industry is party to the whole thing at the front end. So 
you develop these intellectual connections, and then it's very 
smooth and easy and comfortable to go through that interface be- 
tween industry and academe. 

Mr. Boucher. Okay. We are learning, I think, from your pre- 
pared testimony today and also suggestions we had received earlier 
that this broad and important subject is going to become a part of 
the FCCSET process next year. How definite is that? Give us some 
sense of how that FCCSET initiative is going to be structured. 
What agencies will participate? What specific subjects will they be 
inquiring into? And what level of resources will be devoted to it? 

Dr. BORDOGNA. Well, FU give you my personal rendition of 
what's going on. Fm in it. I chair a committee right now, the so- 
called Tsixonomy Development, which is becoming a very generic 
committee. So daily there's interaction. And on Thursday we're 
having a meeting in which we hope to have some kind of draft con- 
text of the whole thing. 

There's a vision being developed, and I think the vision is pretty 
much what I used to prepare my testimony today. The vision I de- 
scribed to you is pretty much the same vision that will be the basis 
of the FCCSET initiative. 

In brief, the idea is to bring to bear the Industrial Revolution 
success of enhancement of muscle power. We've made machines. 
We've been able to leverage our physical strength. Now let's lever- 
age our mental strength with the Computer Age. So the connection 
there is very important. 

That is a difficult thing to do because you may drift off and say 
that information is the most important thing or software is the 
most important thing. But you have to keep in mind that the ulti- 
mate objective, and it's going to be of the FCCSET initiative, that 
something has to come out the door and be salable. So that's a 
very, ve^ important focus on what we're doing. 

The FCCSET has as its broad vision, now in the context of what 
we do by fiscal 1994 is a bit difficult. So there's a focus now, and 
the focus has two parts to it. One is — we don't know the name of it 
yet exactly, but something like software technology for manufac- 
turing. We have great strength there vis-a-vis our international 
competitors. We should take advantage of that. 

Can we use that strength to vault us ahead a bit, to make some 
kind of jump and bring our national production system into a more 
competitive position? So that's a piece of it. But along with that is 
something— we don't have the title for it, but something like intel- 
ligent machines and intelligent equipment, and the process of put- 
ting those together on the factory floor. So you might call this 
taking the Industrial Revolution capacity for doing things with ma- 
chines and coupling it with the Modern Age capacity, which we 
have in great strength, of the Computer Age. That's a focus on 
what we're — it's a general focus, but now what do we do specially? 

We've so far developed a taxonomy, which is a collection of all 
the pieces, again, of what we're doing and what should be done. 
There will be an inventory taken, the usual kind of procedure. I 
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think we're almost there on what that should be. That's a bit of a 
complicated process. 

We're not sure at all yet what specifically is goin^ to come out of 
this in terms of a specific list of programs, but they 11 be very simi- 
lar to the kind of thing that you see in the fiscal 1993 NSF extra 
$25 million. Because these are precursors to what everybody is 
thinking about in terms of the FCCSET. 

You asked about who's participating. And from the NSF point of 
view, it's very critical that we all team together on this. So in this 
committee of about 10 or 12 people is DOD, is NASA, is NIST. Inci- 
dentally, NIST has been mentioned a couple times this morning 
with the first panel. I think it's critical to look carefully at what 
NIST has started with these advanced manufacturing centers out 
there in regions, in the country. This is the beginning of an idea 
which I think can be very, very valuable. 

Let me say just vis-a-vis NSF, if you look at NIST and NSF and 
other agencies— let's take NSF and NIST as an example— NSF is 
really a research arm. It's also an educational arm of an a|,ency of 
the government and it looks a bit out further. It looks more in the 
long view. Now, in the FCCSET initiative, we have to see some- 
thing in the short view too. It's got to be some more quickening of 
how it's — it's timely now and the time is running out. So we have a 
short view and a long view here. 

In that context, NIST has these centers out there which take 
what we know right now, extant technologies, manufacturing tech- 
nologies, and the intent is to get them into the marketplace, espe- 
cially with small companies, so that the interface between govern- 
ment and industry can be made more permeable with these cen- 
ters. People liken that somewhat to an agricultural extension. 
That's being talked about now. That has some merit in the sense of 
getting knowledge out quickly to where most of the jobs are being 
creat^, and NIST is positioned for that. And I think that's a nice 
evolving program. 

If that s connected, for example, with the rest of us — for exam- 
ple, with NSF— to make a continuum from where a discovery is 
made — we talk of concurrency, by the way. Concurrent manufac- 
turing is making sure design and manufacturing is sort of done to- 
gether. Now we re expanding that view to what this Nation does 
best— discovery. So there's concurrency all the way froni discovery 
to getting some applied research done, the prototype, design, manu- 
facturing, production, getting it out the door, recycling it back, 
don't mess up the environment — closed-loop manufacturing kind of 
idea, but all done concurrently. And so in that sense having what 
NIST is doing, NSF is doing, make a concurrent link — that can be 
a great kind of impact on how we can move ahead more quickly. 

And DOD, NASA and so on have all these talents. So anyway the 
FCCSET is moving along, I think, very nicely with a consensus, a 
lot of argument among the agencies as to what to do. 

Mr. Boucher. I heard you refer to some of the individual compo- 
nents of it, and you were talking about the advanced software for 
manufacturing and some other things. Do I take it that the broad 
title of this, the scope of it, is going to be along the lines of what 
we're discussing this morning? And that is, better engineering 
design and manufacturing technology generally? 
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Dr. BoRDOGNA. Yes, I think — let me say something a little more 
detailed about that. I think— again, everything that's been said this 
morning I agree with fully. I think everybody— there's a team 
here — these reports have been out , and these reports all sort of 
have the same idea in them; and the competitive edge is just one of 
them. I think there's general consensus on what to do, but I think 
there's a larger envelope around this that has a lot to do with 
making an enabling work force, not just getting something done on 
the factory floor, which is imperative, and that's the idea of inte- 
gration. I'll bring that back again. 

I think the psyche of the country is such that from the time you 
go to school until you get out of school and go to work we're train- 
ing all and educating all our young people to be reductionists, to 
take things apart and investigate them very, very carefully. The 
system is set up that way. And very rarely in high school any- 
where is any connection made among the pieces of this. 

So that we see the FCCSET initiative— the effort to make the 
country more competitive in manufacturing, which is critical to 
our national wealth creation — as a way, also as a vehicle for begin- 
ning a new kind of mode of balancing education in the country. Be- 
sides being good analytically, which we are, let's develop an inte- 
grative mode. 

Now, there's a lot of— I use the word "psyche" because our coun- 
try dwells a lot on individual performance. There is very little 
group or team reward in the country. And this is a difficult thing 
to change. 

I should — there's a lot of connections here. Let me give you one 
more connection because it relates to this. The Presidential Young 
Investigator Award which, I don't know — Alice, you're one of these, 
and there are about 1400 of them? Something like that. There's 
over a thousand of these young people out there who've been given 
this Presidential Young Investigator Award, and it has been inter- 
esting to see how that's developed over the first 8 years of it. 

In the beginning it was a way, in the context of — Dr. Dieter was 
here answering about academe is like. In the context of the classi- 
cal academe, that program was started to make the new young fac- 
ulty the best, very proficient in research only. Get them up to 
speed fast, in a tenure period of 6 years or so, by giving them 
enough resources and a distinction, a label which is very prestigi- 
ous. That's changed a lot, and now we have two events happening. 
The new Presidential Faculty Fellows and a new NSF Young Inves- 
tigator Award, which is the same kind of program. A little diflfer- 
ent label on it, same number of people. Yon can't get one of those 
now without being equally proficient and have promise for teach- 
ing and education as well as research. The teaching and research 
and education has a lot to do with integration, again. So that 
there's a plot here of trying to develop a different way of changing 
the way we educate in this country where we're going to use differ- 
ent vehicles to do it, and the manufacturing initiative is one of 
those. 

Mr. Boucher. I'm encouraged to hear the early plans that you 
have for this FCCSET initiative, and I would certainly add my en- 
dorsement to the idea of this being one of the areas for focus by the 
FCCSET process. 
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First of all, in further questions along that line, does the admin- 
istration generally support this? Have you — does OSTP add its im- 
primatur to this effort? 

Dr. BoRDOGNA. ril say it personally. Dr. Gene Wong is on us ev- 
eryday. 

Mr. Boucher. Okay. 

Dr. BoRDOGNA. There is a — 0MB, OSTP — everyone is pressing 
very hard. 

Mr. Boucher. Good. And what level of resources do you think 
will be applied for this FCCSET initiative? Do you have any esti- 
mate of what the total budget number will be? 

Dr. BoRDOGNA. No, I don't know. It's totally premature for me 
especially to make a guess of that because it's going to be a collec- 
tive kind of thing. But the inventory will start soon, and we're 
going to try to do this quickly, get a — we're going to have a rough 
cut inventory first, so we can get into the 1994 budget with some 
kind of focused initiative. 

Mr. Boucher. Well, your own program is $104 million for fiscal 
year 1993. Assuming you get that level appropriated — that's what 
you asked for — I would assume that brining all these other agen- 
cies in would increase that number significantly. So do you care to 
give us just a ballpark estimate? 

Dr. Bordogna. You know I — well, some have said that the manu- 
facturing base in R&D in the Federal Government is somewhere 
around $1.2 or $1.3 billion. It's a — that's been tossed around. I'm 
not quite sure it's come from. People were giving some thought to 
this last year because there had been some work going on, and it's 
very interesting — it's veiy similar to the advanced materials initi?.- 
tive. It was about 1.3 billion. 

And I — another part of the FCCSET — I want to answer your 
question, but I want to put another piece to this. A very, very im- 
portant part of the FCCSET which may in the end — in the long 
run be more important than just next year's budget is the fact that 
the lines are being blurred between tne agencies. There's a lot of 
collectivity. People are getting to know each other, and we're get- 
ting a good way to look at a collective integrative way of doing this. 

I don't know what the investment should be. I — certainly we 
could — NSF started off this year with a $75 million request for an 
advanced intelligent manufacturing initiative which I think in the 
end was too broad-based to start immediately. Let me give you a 
context now. So it was throttled down to 25 million, which I think 
was correct. So I think, you know, a doubling kind of money — if 
you play out rationally all the programs that are needed, you end 
up with something like doubling. But then you have to worry about 
starting this, gearing this up for next year. 

So, in the NSF thing, the reason it was scaled back was to be 
more rational in getting the base going, then advancing from there. 

Mr. Boucher. We'll look forward to following with interest that 
progress, and I'm encouraged to hear that so much progress is 
being made on that front. 

Let me get you to respond to two suggestions made on the previ- 
ous panel. The first of those came from Dr. Jones, and that is that 
in your ongoing advanced manufacturing initiative you are not 
placing enough emphasis on engineering design. That that needs to 
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be highlighted more and that, I guess — I guess additional resources 
need to be applied to it. 

What response do you have to that? And what intentions, if you 
agree with Dr. Jones observation, do you have to remedy it? 

Dr. BoRDOGNA. ru give you two answers to that. One is yes, I 
think we don't put enough emphasis on design. But you have to be 
very careful that the design in and of itself has pieces to it. One is 
the research piece and one is the education piece, which Dr. Ago- 
gino very capably described as to what we have to do in undergrad- 
uate education. So, if you collect those two things, you get a differ- 
ent kind of answer of how much is being spent. 

So we certainly need new Education Coalitions, which I would 
add in as the design money v/e need, because I can't separate the 
research. The end result of NSF in the long term is to meld educa- 
tion and research. So I can't talk separately about the Coalitions 
and the Research Centers. 

So I think — yes, I think generically design has not been consid- 
ered an intellectual goal in academe, and we have to change that. 
But we're not going to change it, I think, just by going on design. 
We're more clever than that. And so the idea of integration and 
collectivity and design and manufacturing. 

So, yes, I don't think it's enough on design. But, on the other 
hand, it's very difficult for us at NSF, on the basis of what I've said 
so far, to separate the pieces. You see, we're very worried about if 
we pick out a piece and just dwell on that and talk about that in 
the context of this must be done. It may be true. But we v/orry 
about having it done in a disconnect from the rest of the thing that 
has to be done. So, to us design and manufacturing are critical to 
be linked, and that's why the division of design and manufacturing 
was set up and not two separate ones. 

And I've mentioned about concurrency — one reason it was set up 
as it was at NSF is design and manufacturing must be concurrent, 
and there is no argument among any of us on that. I think there's 
not enough being spent on manufacturing, not enough being spent 
on design as entities in themselves. Tint it's more important to 
make these additions of money in the context of the overall effort. 

Mr. Boucher. Well, you're giving me a sense of how difficult it is 
to heighten the focus on design. But what are the answers to those 
problems? I .nean, how do you do it? You're saying you don't want 
to disengage it from manufacturing, per se. You're probably right 
about that. On the other hand, if it needs more emphasis, how do 
we give it more emphasis? 

Dr. BoRDOGNA. Well, I — it needs more resources to get to a stage 
in research that it should be. So I agree with that fully. 

Mr. Boucher. Do you intend to allocate more resources to it? 

Dr. BoRDOGNA. Sure. In fact, in the $25 million there is at least 
twice as much. And that's, of course, the $3 million and one-half 
million kind of argument here. And yes, there's more money allo- 
cated, but it's done in the context of the overall idea. 

Mr. Boucher. There was a suggestion also that in the broad cate- 
gory of soft science you are undervaluing the need and are, I guess, 
providing something like one million out of your budget of 104 mil- 
lion for that. The suggestion was that maybe a 500-percent increase 
in that might be appropriate? 
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Dr. BoRDOGNA. Yes. 

Mr. Boucher. Do you have any comment with regard to the soft 
science 

Dr. BoRDOGNA. I don't know where the one million came from. I 
think, again, you have to define what soft science is, and it could 
mean social sciences. 

Mr. Boucher. Well, it is — social sciences. 

Dr. BoRDXJNA. Yes. Okay. All right. If that's what you mean, I 
can answer that clearly. 

This is an important issue, and I mention in my prepared testi- 
mony that the appointment of the new head of that directorate is 
someone who has done research on the human dimension in manu- 
facturing. Now that wasn't trivial. That was a part of that appoint- 
ment. 

We're very interested in making — engineering at NSF has a very 
up front connect with the Social, Behavioral and Economic Sci- 
ences Directorate for this purpose. So we put $1 million in manage- 
ment of technol(^ in the fiscal 1993 budget. That's a controversial 
thing to do because NSF is not supposed to do management of tech- 
nology. They're supposed to do hardware kinds of things and re- 
search. 

So the best way to answer that is no, it's minimal, but it's a foot 
in the door. But it's a very, very important issue because enabling 
work force, enabling technologies, enabling management — these 
are all the things that have to be put together to do manufactur- 
ing. 

I would like to put more in. 
Mr. Boucher. Okay. 

Dr. BoRDOGNA. I think it's a big, overarching thing we have to 
worry about. 

Mr. Boucher. Well, we've identified the problem, and we'll con- 
tinue to focus on that. 

Let me inquire of our other two panel members about another 
subject that has been raised repeatedly this morning, and that is 
the need to have more integration between industry and the uni- 
versities in terms of manufacturing technology and engineering 
design. How effective are the programs at your universities in at- 
tracting industry support? To what extent do you have programs 
that exist in conjunction with industry today? And how interested 
is industry generally in hiring people who have graduated from 
your program? 

Dr. Solberg, would you care to begin? 

Dr. Solberg. Yes. Well, of course connection to industry was one 
of the explicit objectives of the ERC program. So weVe pursued 
that very actively from the very beginning, with surprising success, 
I think. I was a little surprised at how eager the companies were to 
work with a university. 

It's not uniform, though. One of the lessons I have learned is 
that you have to be cautious about generalizations here. We are 
working very successfully with our member companies. Of course, 
those are the companies who, have come to us. They're, perhaps, 
not representative of Ameri^ao industry generally. They tend to be 
big companies because the big companies can afford to work with 
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us, not just financially, but in terms of allocating people to the 
effort. 

And it's been troubling throughout that we were not really get- 
ting to very many small companies, some, but not very many. 

As for hiring the graduates, we found that theyVe been very 
eager to get our graduates. I alluded to the study earlier that this 
has been a general experience of ERCs. The graduates that have 
conae out and been employed seem to surprise the companies at 
their capabilities. It's very gratifying to get those stories back. It 
shows we're on the right track. 

Again, though, that's not a uniform experience. There are many 
companies that haven't yet awakened up to this need for the team- 
player-kind of engineer and are still looking for the specialist. So 
it's a mixed message. 

Mr. Boucher. All right. Dr. Agogino? 

Dr. Agogino. I've been totally overwhelmed by the support that 
we receive from industry. For every one dollar from NSF, we get 
three or four times» in terms of just a monetary contribution, from 
industry. 

In addition, they're enthusiastic. They're so excited that they can 
be involved intellectually in changing the direction in undergradu- 
ate engineering education. Fve been asked to speak in front of the 
board of directors of at least three companies so far. We've made 
presentations not only at the very high level, but working at all 
levels through the companies. They're getting — they were involved 
in our proposal-making process to start out with. When we decided 
what problems we want to tackle, we worked with industry to iden- 
tify those very difficult problems. 

I view, and this is also the view that I received from industry, 
that the education of an engineer is really a 10-year period and 
that we have to look at the 10-year education. And the university 
provides one part of that education. That like the medical school 
analogy, the experience in working with industry provides another 
part of that, and we need to work together to have an integrated 
engineering education policy. 

They've not only been involved at the intellectual level in terms 
of telling us advice on our programs, but also I think through 
working through the Coalition we've seen a kind of collaboration 
between industry as well in working with us. At UC Berkeley in 
our industrial liaison program for the first time ever, we had a pro- 
gram on the Coalition and on undergraduate engineering educa- 
tion. And during this tough period in California and the Nation, 
travel to go to industrial-type programs at universities are one of 
the first things that are cut. We had standing room only at our 
presentation. The involvement and the response from industry has 
just been overwhelming. 

Mr. Boucher. Well, that's encouraging to hear. 

Do you have the sense that at other engineering schools through- 
out the country a similar success story could be told? 

Dr. Agogino. Well, certainly that's true through the members of 
our Coalition. That's where I have the most experience. 

Mr. Boucher. How many universities are involved in that? 

Dr. Agogino. There are eight universities. 
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Mr. Boucher. Okay. This is a pilot program and it's fairly new, I 
gather. 

Dr. Agogino. Yes. There have been major changes. To add to 
that point, there are three Historical, Black Colleges and Universi- 
ties in the Coalition, and I think that they are getting a level of 
attention and response from industry that they would not have re- 
ceived if they had not been part of the larger Coalition. So major 
corporations are now going and looking at their networking infra- 
structure or reviewing the curriculum or looking at their gradu- 
ates, and I think that that has been a tremendous impact that 
would not have happened if it had not been a collaborative activity. 

Mr. Boucher. Would you argue, based on that success, for the 
application of this program to engineering schools nationwide at 
this point? 

Dr. Agogino. Absolutely. 

Mr. Boucher. Do you think 

Dr. Agogino. I think it's important that ive should continue 
funding more coalitions. 

Mr. Boucher. Okay. Where do you get your funding from for the 
Coalition? 

Dr. Agogino. Well, the NSF provides the seed money for the 
funding. As I said, it's a significant part, Fm sure, of NSF s budget. 
But industry has multiplied that three or fourfold, and our univer- 
sities have matched as well. And another part that was unexpected 
was the tremendous response from our universities. The — in, again, 
tight budget times, I am sure, on all campuses, it is the match to 
the Coalition funds that have been preserved, and, in fact, in many 
cases increased. 

Mr. Boucher. Dr. Bordogna, do you share her enthusiasm for the 
success of the program? 

Dr. Bordogna. Well, Dr. Agogino and I are teammates on this, 
so we're biased. 

Let me just add that there are four coalitions and there are u\. 
wards — over 30 schools involved, and two more are coming on line 
next year. So it will be about 50 schools involved. And there are 
300 engineering schools, more or less, in the country. So that's 50. 
And the schools involved are schools, many of which operate under 
the old paradigm: You just do your research. And they're given a 
signal. They're given an image. So I think this is barreling along 
very, very nicely, and I think we're going to have change. 

Mr. Boucher. Well, should we be trying to apply this to all 300 
schools instead of simply 50? 

Dr. Bordogna. The objective is to apply the philosophy and con- 
text of integration to all schools, and that will be a paradigm shift, 
but to also allow schools to do it in their way. That's another piece 
of this. That different schools in different regions of the country, 
different cultures, different makeups, and they should apply this 
process of up-front engineering in the freshman year and integra- 
tion in their own way. 

But yes, the intent is to change the paradigm for engineering 
education. It's not a science education. It's an engineering educa- 
tion. 

Mr. Boucher. Do you only have funding to provide the seed 
money at these 50 schools? Is it a question of money or is it a ques- 
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tion of structure of the program, where you think that this should 
be something that's sort of short term and just proved out in select- 
ed universities and then just offered as a model to others without 
funding? 

Dr. BoRDOGNA. This relates very much to the question that you 
asked previously about the culture, the faculty culture, and how 
you get promoted and the reward system. We have to carry this on 
for at least a half a generation, maybe 10 years, so that we get in 
place who've been rewarded. The young PYIs are involved, so 
they're coming along with this new melding of teaching and re- 
search. That's the overall grand plan. So at least 10 years mini- 
mum is the effort. And it's very difficult to bring the money to 
bear on this. 

Mr. Boucher. Well, if it's working so well at Dr. Agogino's uni- 
versity and apparently at others — she said that her Coalition part- 
ners also are enjoying success, and I would assume you are fore- 
casting for the balance that would bring the number up to 50 — 
then why stop the funding with 50? If it is successful, why not take 
it on to the other 250? 

Dr. BoRDOGNA. There's no intent to stop the funding. You have 
to, first of all — Alice, you've been in line about a year. 

Dr. Agogino. Year and a half. 

Dr. BoRDOGNA. And the new ones are just starting, the next two. 
So that there are two underway for a year, and the next two for 
the next year. 

Mr. Boucher. But why is the pace so slow? I mean why not ac- 
celerate the number of universities? 

Dr. Bordogna. Well, I think we can, maybe in a bit. But this is 
an experiment too, and we're learning a lot from the feedback of 
this. We're not quite sure how to conduct this program specifically. 
We know how to conduct it generally. And so part of the up front 
is like a research project. 

Mr. Boucher. Are you getting any clamor from other universi- 
ties saying, "Me, too; I want to be included"? 

Dr. Bordogna. Well, sure. Sure. We have another announcement 
out right now. In fact, I just delayed the receipt of letters of intent 
because so many universities are getting together, and they need 
more time to collect themselves. 

In this new round we're trying something a little different. It is 
another experiment. They've been generic before and sort of get to- 
gether in big groups. Now we're saying maybe a smaller group of 
universities and the focused kind of piece of this might be good. 

Mr. Boucher. All right. Dr. Solberg, are you participating in 
this? 

Dr. Solberg. I've had some involvement. I'm not sure whether 
we're going to be involved in this next round. 

My— just to echo something that he said in slightly different 
words. I sense very little disagreement about what needs to be done 
either in the research or education area. The challenge is to get it 
all together and integrate it. So there are probably many models to 
be explored here, and the typical American pluralistic approach 
here is probably wise. 

Mr. Boucher. Well, ladies and gentlemen, I thank you for the 
enlightenment that you've provided today. We could carry on this 
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subject for a lot longer. I, unfortunately, have another meeting I 
have to attend. 

We appreciate this panel of witness' contribution to our work. 
This is a subject that we will continue to examine. And we wish 
you well in your efforts. 

Dr. BoRDOGNA. Thank you. 

Mr. Boucher. Subcommittee stands adjourned. 

[Whereupon, at 11:30 a.m., the subcommittee was adjourned, to 
reconvene subject to the call of the Chair.] 
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